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1 0  

INTRODUCTION 

The Environmental Restoration (ER) Program for the Rocky Flats Environmental Technology 
Site (RFETS) historically referred to as the Rocky Flats Plant (RFP), is designed to 
invesbgate and remediate contaminated sites at RFETS and involves the followng five major 
activities 

Activity 1 Installation Assessments 
Activity 2 Remedial Invesbgations 
Activity 3 Feasibility Studies 
Activity 4 Remedial DesignsRemeQal Actions 
Activity 5 Compliance 

This document presents the results of the Phase I, Resource Conservabon and Recovery Act 
(RCRA) Facility Investigation/Comprehensive Environmental Response, Compensabon and 
Liability Act (CERCLA) Remedial Investigmon (RFI/RI) of the Walnut Creek Pnonty 
Drainage also known as Operable Unit No 6 (OU6), at RFETS Jefferson County, Colorado 
This Phase I invesbgation ts a component of Activity 2 of the ER Program 

The Phase I RFI/RI Work Plan for OW6 was submitted to the U S Environmental Protection 
Agency (EPA) and the Colorado Department of Public Health and Environment (CDPHE), 
formerly the Cdorado Department of Health (CDH), in 1992 The field sampling plan (FSP) 
specified in the OU6 Phase I Work Plan (DOE 1992a), hereafter known as the Work Plan, 
was desrgned to assess the nature and extent of contamination in 21 Individual Hazardous 
Substance Sites (IHSSs) along or wthin the North Walnut Creek and South Walnut Creek 
drainages The Phase I field investigation was conducted during 1992 and 1993 

This report summarizes the field activities performed during the Phase I investigation, 
characterizes the environmental setting characterizes contaminant sources and the nature and 

extent of contamination in soils groundwater surface water sediments, air and biota 
discusses contaminant fate and transport and includes a Baseline b s k  Assessment (BRA) 
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The results presented in this document are based on existmg informaaon that was used’to 

i 
*-\- 

-\ - 
e Section 3.0, OlJ6 Field Investlgatm, prescnts the scope sf ths ’Phsse I field 

N e S f f o n ;  d&Wes -a the field actrvibes, sampling praadures and analytlcd 
method$-aid dochkts  dewanons from the work plan 

I e----- =% 

t 

I 

inrbally charactem OU6 (1986-1989 boreholes) and on data acqwred dunng the Phase I 
rnvesbgatron Results of the Phase I invesbgabon have been used to 

! 
! 

e Emmate nsks to human health and the envlronmmpt posed by OU6 IHSSs, 

Idenafj. any further need for evaluation of-=& 

s -  

.- I 

e 
=- 

Secnon I 0 of this document proades an intro 
report, invesngatron objecnves, a bnef drsc 

locanons and descnpnons, a summary of previw2 d d  ongoing inmgatzons, and a swnmaty 
of the Work Plan and technical memoranda” s5* 

-d 9 

I 

e SecQon 4 0  Nature and Extent of Contammanon, descnbes the nature and 
extent of contaminatron in surface soils, subsurface soils, groundwater, surface 
water, sediments, and 8tr This secbon begns wth a descnpbon of the 

I 



analytical data used, how data are compared to background data, and how 
detected compounds are evaluated A detaled descnption of the nature and 
extent of contaminaoon in each medium is presented for each IHSS and 
specific non-IHSS areas 

0 Section 5 0 Contaminant Fate and Transport discusses the factors that affect 
the movement and persistence of the contaminants idenbfied in Secbon 4 0 

This section also includes a summary of the fate and transport modeling 
performed to support the nsk assessmmt. 

b Section 6 0 Baseline Human Health fisk Assessment presents a summary of 
the baseline HHRA for OU6 (the complete baseline HHRA is presented in 
Appendix J) 

0 Section 7 0 Environmental Evaluation (hereafter referred to as Ecological Rsk 
Assessment [ERA]), presents a summary of the evaluation of the nature and 
extent of contamination in biota, its relationship to abiotic sources, and the 
extent and type of adverse effects on the ecosystem community, populaoon 
and individual levels of biological organizations (the complete Ecological fisk 
Assessment is presented in Appendix F) 

Section 8 0 Conclusions and Recommendations presents a summary of the 
findings of the report and includes remediation recommendations 

b Section 9 0 contains the References cited in the report 

b Appendixes 

- Appendixes B and C provide field survey data and 

geologichydrogeologic data, respectively 

- Appendix D provides the OU6 Phase I analytical data 
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Appendm G provtdes the detrtlled pikBodotogy, assumptions, &d 
results of the groundwater m o d e l q f ~  fiw OU6 

I 

% 

P 
i I 

,assumptrons add 
% 

Appendix H provides the d& m 

Appendrx J contarns the 
Assessment 

ase I Baseline Health fisc( 

a : I  
. I  

c 

> ---* 

The objectwes of the P k i m  at OU&-&defined in the Work Plan (DOE 1992a), arei 

0 To @arkqngk hd hpitrogdogrc stmng of the EHSSs 

\ 

I 6  

-‘. % 

To assessthe presence or absence of contamnabon at each MSS 

To su&&be Ph& I Baseline k s k  Assessment 

1 - T o Z i i m c & e & s & e ~ ~  - -1 and extent of wntaminatron at each IHSS, if present 
P- \ 0 

* 

Within *ese broad objectives, site-specific data quality ObjeCtiVeS were developed an4 
identified inXectr”w_ 4.0 of the OU6 Work Plan and are presented in Sectron 1 4 1 of thi? 
report .- 

% x- 

! 
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1 3  BACKGROUND 

The following sections descnbe in general the plant operahons at Rocky Flats, summanze the 
histoncal activiaes at each IHSS in OU6 and discuss previous and ongoing plant-wde and 
OU6-specific inveshgations 

1 3  1 Plant Operations 

WETS, located northwest of Denver CO (Figure 1 3 4 ,  is a government-owned, contractor 
operated facility consimng of  approximately 6,550 acres of  federal land It is part of the 
nationwde nuclear weapons production complex Major plant buildings are located wthin 
a Plant security area of approximately 400 acres The secunty area is surrounded by a buffer 
zone of  approximately 6 150 acres (Figure 1 3-2) 

Historically W P  was operated for the US Atomic Energy Commission (AEC) from its 
incepaon in 1951 until the AEC WBS dissohtedin January 1975 At that ame, responsibility 
for RFP was assigned to the Energy Research and Development Administrahon (ERDA), 
which was succeeded by the Department of Energy (DOE) in 1977 Dow Chemical U S A 
an operating unit o f  the DowChemical Company, was the prime operatmg contractor of  the 
facility from 1951 una1 Jme 30, 1975 Rockwell Internahonal was the pnme contractor 
responsible for operating the RFP from July 1, 1975 untd December 31 1989 EG&G, 
Rocky Flats Inc was the pnme contractor at the RFP from January 1, 1990 unhl June 30 

1995 On July 1, 1995 management of  the WETS was transferred to Kaiser-Hi11 Inc 

The primary mission of the KFP was to fabricate nuclear weapon components from 
plutonium uranium and non-radioactive metals (pnnapally beryllium and stamless steel) 
Parts made at RFP were shipped elsewhere for assembly In addition RFP reprocessed 
components for recovery of plutonium after removal from obsolete weapons 

Both radioactive and non-radioactive wastes were generated in the produchon process 
Current waste handling practices involve onsite and offsite recycling of  hazardous materials 
onsite storage o f  hazardous and radioactwe mixed wastes, and offsite disposal of solid 
radioactive materials at another DOE facility However, both storage and disposal of 
hazardous and radioactive mixed wastes occurred onsite in the past Preliminary assessments 
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under the ER Program idenbfied some of the past, onslte storage 

potentral sources of environmental contaminabon 
dsposd locabons 

! 
1.3 2 OU6 IHSS Locatronr and Dcoenptionr 

OU6 consists of 19 

EISSs consist of the Sludge Disp 
Walnut Creek (IHSSs 142 1 th 
Creek (IHSSs 142 5 through 14 
(IHSS 142 12), the Old 0 
Triangle Area (IHSS 165), Trunches 
respectwely) the North Spray Field &ea 

216 1) (Figure 1 3-3) The 
Area (IHSS 167 3), previously included in 
in OU7 for charactenzatton and e 

plan, was retamed in 
histoncal and rewsed boundanes for- 

Each IHSS was assigned 
The IHSS boundan 
based on reevaluatr 
practrces in OU6 

Figwc 13-3 dm shows the 

l *- ’- I 

Plan based on prewous IHSS boundanes The Phase I boreholes and wells, however, *re \ 
1ocated”tqtheijeld after a review of the histoncal data and aend photographs Therefore 
some sampled -2W-e not congruous wth the MSS areas presented in the HRR, ,and 
sampled areas mapaot.charactmze a specific rewsed IHSS The revlsed IHSS locations I 

found in the HRR are used in Sectrons 2 0 through 9 0 of &IS report 

i . -  
-- 

I 

e followng site descnpQons are taken from the OU6 Work Plan (DOE 19924 which was 1 
wed on descnptions in the RFP Comprehensive Enwonmental Assessment and Response 
rogram (CEARP) Phase I Report (DOE 1986a), the RCRA Part B-Operatmg Permit , 
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Application (DOE 1987), and from the HRR (DOE 1992b) The descripbons in these 
documents were based on histoncal records, aerial photography review and interviews wth 
WETS personnel 

The Sludge Dispersal Area (IHSS 141) is located along the eastern penmeter of the secunty 
area of WETS The western half of IHSS 141 is located wthm the secunty area of WETS 
(Figure 1 3-4) Two corrugated metal buildings (Building 974 and Drying Beds 5, 6 and 7), 
located in the western half  of IHSS 141 cover the present day drying beds of the Sewage 
Treatment Plant (STP) The eastern half of IHSS 141 slopes eastward toward South Walnut 
Creek and the B-Senes Ponds Two paved mads cross this IHSS in a north-south direction 
One of the roads IS wthin the security area whrk the other is located in the buffer zone A 
dramage ditch separates these two roads, wrth the ditch being located on the outside of the 
security fence The water which collects in this drsunage drtch flows into the B-Series Ponds 

Prior to 1983 the Sludge Dispersal Area receivedarborne particles (radioactive) from dried 
sludge packaging operations (Rockweil 1988a) The sludge was generated by the sewage 
treatment facility located in Qe western portm of this IHSS In addition, this area may have 
received spillage of dried or drying sludge from drying beds located west of IHSS 141 

Radioactive laundry effluent was the only known radioactive effluent entenng the drying beds 
between 1969 and 1972 By the latter half of 1972, however plumbing changes were made 
and all Plant wastes were channeled through the STP and then into the drying beds This 
resulted in increased radoactiwty levels in the sludges (Owen and Steward 1973) In June 
1972 an overflow incident occurred in June 1972 from Building 701 This incident resulted 
in elevated levels of plutonium entenng the STP, and subsequently the drying beds (Owen 
and Steward 1973) 

1 3 2 2  North Walnut Creek and South Walnut Creek 

The WETS secunty area is located on a plateau which is bounded on the north by North 
Walnut Creek North Walnut Creek and South Walnut Creek are intermittent streams that 
receive surface runoff from the northern and eastern portion of the WETS facility and 
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adjoining buffer zone An unnamed tnbutary (located one half mile north of the facility 

These diterrtion ponds are also used for spill  control management Smons 1 3 2 3 and’ 

1 3 2 4 prviSe detatled descnpbons of these ponds I -. -. 

Ind 

north of  North Walnut Creek) receives surface runoff collocted from the northem buffer 
All three of  these creeks merge into Walnut Creek wthin the buffer zone about one mile 
northeast of the secunty area (Figure 1 3-2) Walnut Creek flows toward Great Westdm 
Reservoir located approxlmately one-third mile east of the eastmq E r  bcrmdary (Indiana StrW) 
of the RFETS The water from Walnut Creek is &vested Great Western Rtservwr 

by the Broomfield Diversion Ditch snd is c m e d  to BigJhyTreelt I 

A- 5) ,#on 1 2.4 

nds A-1 A-2 A-3 and A-4 (IHSSs 142 1 through 142 4, respectively) are located In North 
alnut Creek, northeast of the RFETS secunty area (Figure 13-3) These ponds were 
nerally constructed by the placement o f  earthen embankments or dams across North W&ut 
eek (Figure 1 3-5) The mmated storage at 180 percent capacity for Ponds A-1 through 
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A-4 are 1400 000 gallons (gal), 6,000,000 gal, 12,370 000 gal and 32,490,000 gal, 
respectively (Mernck 1992) The size of these ponds vary seasonally but are usually 
maintamed at 10 percent capacity 

The A-Series Ponds are used pnmarily to capture and control surface water runoff from the 
northern part of the WETS producbon facilities and from North Walnut Creek Histoncally, 
the A-Senes Ponds received discharges from several different sources Between 1952 and 
1979 Pond A-1 was used to hold water that was discharged into North Walnut Creek from 
the northem production facilihes, including Building 771 outfall, whrch contamed nitrates and 
radioactive substances such as plutonium and uranrum (DOE 1992b) Pond A- 1 also received 
process liquid waste cooling tower blowdown and steam condensate discharges which 
contained chromates and algicides After the constructron and completion of Pond A-2 (1974) 
and prior to 1978 the water from Pond A4 was allowed to flow into Pond A-2 where the 
water was disposed of by natural and spray evaporabon (Hurley 1979) 

The above mentioned discharges although kng since discontinued produced measurable 
amounts of plutonium in the stream sediments of-North Walnut Creek and in the sediments 
of Pond A-1 (DOE 1980) Pond A-1 is presently used for spill control management and 
receives only local surface water runoff and groundwater seepage that may occur in the area 
The water collected in this pond IS currently disposed of by natural and spray evaporation 
Pond A-2 received process wastewater and laundry wastewater from Ponds A-1 and B-2 
(IHSS 142 6) The water from Pond 3-2 ts pumped to Pond A-2 via pipeline (Figure 1 3-3, 
page 1 of 2) The water from Pond A-2 has always been disposed of by natural and spray 
evaporation Pond A-2 1s presently used for spill control management and receives only local 
surface water runoff and groundwater seepage that may occur in this area 

Pond A-3, constructed in 1974 continues to be used to impound surface water runoff from 
the northern plant facilities and North Walnut Creek Waters onginating upstream in North 
Walnut Creek are dverted around Ponds A-1 and A-2 by the A-2 bypass culvert (Figure 
1 3-5) and channeled into Pond A-3 The water is temporarily detained in Pond A-3 before 
being released into Pond A-4 
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A-4 receives water from Ponds A-3 and B-5 (the water from F@ B-5 is  pumped into 
Pond A-4) 

133 4 I B-Sones Ponds fMSS s 1425 th- 142.9) --% 

I 
&@= .? 

2 g= 
I 

Ponds B-1 B-2, B-3, B-4, and B-5 (IHSSs 142 5 throu 
South Walnut Creek, east of the eastern penmeter of the 
Page 1 of 2) The -mated storage at 100 perc 
1,140,000 gal, 1,500,000 gal, 570,000 gal, 18 

(Memck 1992) The relatwe pond sizes cue: 

The B-Senes Ponds were generally con 
South Walnut C 
to regulate flow out of these 
embankments when the ponds are 

The B-Series Ponds are used pnmanl 
eastern and central porn 
WETS discharges to 

vely) are located in 
mea (Figure 1 3-3, 

bough €3-5 are 

gal, respectwely 
in Figure € 3-6 

P c  
# 

placearmt of earthen dams across 
cted on some of the dams 

ess water around the 

a i 

and control Mace water runoff fro& t h ~  
n e  q o r  component oi 

uemt from the sanitary 
E 1992b) fIrstoncaliy. several other wasta 

the bcgr~rng of pIand 
operatrons in 1952 ketyeeq1952 and 1973, decontamneted pmeess water and laundry; 
wastewater we~~%TS&xxj Gtb-$od Wdnut Creek and subsequently I- Ponds B-1 *ugh! 

B-4 NitrFe,_fiutoniuri%+yend ur&dm were contarned in these wastes, the volume of wastes' 
released into South Walnut Creek is unknown (Rockwell 1988a) 

Pond reconstnrctmnactmiws between 1971 and 1973 resulted ~tl disturbances of  the bottom 
sediment of the c*n$ upstream of Pond B-1 This constructmi caused much of the 
upstream sediment to be transferred to Pond B-1 , increasing the total plutonium levels (DOE ' 

1980) As a result of this actmy, there are probably several addioonal curies of plutonium 
presently trapped in the seQment wrthin the waste discharge pipe and the inlet of Pond B-1 , 

(Rockwell 1988a) 
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Presently Ponds B-1 and B-2 are used for spill control management and to detam local 
surface water runoff and seepage that may occur from nearby areas Pond B-3  receives 
effluent from the STP and local surface water runoff Pond B-4 receives discharges from 
Pond B-3 The water in Pond B-4 is released into Pond B-5 

Pond B-5 constructed in 1979 was used as an overflow pond for Pond B-4 In 1991, a 
diversion pipeline structure was built from Pond C-2 to Pond B-5 Presently, Pond B-5 
receives water from Pond B-4 and surface water runoff from the Central Avenue Ditch 
(Figure 13-6) 

1 3 2 5  Walnut and Indiana (W&I) Pond (IHSS 142.12) 

The W&I Pond (IHSS 142 12) is located along Walnut Creek approximately 2,500 feet east 
of the confluence of North Walnut Creek and Sauth Walnut Creek and immediately west of 
Indiana Street (Figure 1 3-3, page 2 of 2) The W&I Pond was constructed to collect flow 
measurements on Walnut Creek This is mxamplished using two Parshall Flumes (6-inch 
throat and 36-inch throat) Sediments transportedby North Walnut Creek and South Walnut 
Creek may settle in IHSS 142 12 due to the qwescent condihons of this pond The effluent 
from this pond is sampled on a duly basis when discharging Discharging occurs when the 
capacity of the pond is exceeded by the influent Water discharged from the W&I Pond 
flows downstream into Walnut Creek 

The Old Outfall Area (lHSS 143) IS located to the northwest of Building 773 (Guard Station) 
and Building 771 wthin the protected area (PA) (Figure 1 3-3 page 1 of 2) A detuled map 

of IHSS 143 IS shown on Figure 1 3-7 The Old Outfall Area is approximately 3 0  000 square 
feet in area and has been covered wlth f i l l  (amount of fill and date unknown) Temporary 
traders and the PA fence are currently situated on or near this IHSS Because of the PA 
fence construction, the present day dramage system is different from the dramage system that 
existed during the operation of the Old Outfall 

The Old Outfall Area acted as a catchment basin that received liquids from various sources, 
the main source being the laundry holding tanks in Building 771 (Dow 1971a) If plutonium 
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concentratrons were found to be below 3,300 d~sintegratrons per minute per liter (dlmh), 
liquid waste contaming plutonium was discharged from these holdrng tanks into the dld 
Outfall Area. Between mid-1953 through mid-1957,4 5 million gal, of liquid were dleaskd 
into the Old Outfall area. Approxlmately 2 23 millicunes (mCi) of pfutonium were relewd 
with these liquids @ow 1971a) At no time did concentrattolps$rogt the discharge exceed 
1 000 d / d  In 1957, a waste line was installed to allow liq&&m these holdmg tanks to 

flow to Building 774 However, due to occasion enodrc releases 
from these holdmg tanks occurred between 1937 Id Outfall Area q d  
subsequently into North Walnut Creek Dunng this quid contuning 
0 25 mCi o f  plutonium were released to the Old  dl Area 

I 

* 2 +  

i =i” 

Other sources of  discharge to the 0 
laboratory and radiography sinks, the 

from the roof and adjacent ground 

ildmg 771 mcluded the analytrcd 

matton room (showers), and runoff 
ng No docomentabon specific to 

the quanbbes of  liquid or radioacb recorded @ow 1971a) I 
The plutonium concentratrons in th m sal mmtrrminatfbtl at the point 
of discharge at the Old Outfall Area rst occurrence of soil contaminabon 
at the Old Outfall was rep9-n May 1956,and sol1 contamma&on was reported agab in 

May 1958 (Dow 197la)~~It;iSnot known contaminated sods were removed from this 

Id 
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In May 1968, a sewer line broke at Budding 771, causing the sewage g€t statton tank (located: 
west of B u 4 d w f ” j - F ~ ~ - ~ - ~ . 3 ~ 8 )  to overflow into the Old Outfall Area Low 
concentratmnv of radioactive m&als (includrng plutonium) and vanous chemicals were 
detected-hAke soils near the Old Outfall Area following this spill (Rockwell 1988a) In ’ 

Apnl 1970, ehyated radioactwity readings were detected in the soils at the Old Outfall Area 
and soil sam- we callected and analyzed In June 1970, the area between Buildmg 771, 

e Old Outfall Area andNorth Walnut Creek was rabololpcatly surveyed, and in September, 
ntaminated soils were removed from an area of approxlmately 75 square feet (sq ft) (DOW I 

I --* 

-*”--- 

-% 

1971 b) The locabon of the excavafion was not specified 

n early 1971, an alpha survey and soil sampling at the Old Outfall Area revealed that an area 
f approxlmately 800 sq ft was contaminated wth plutonium One small area indtcated 
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contamination to a depth of 3 5 feet (Dow 1971c) Removal of soils from an 800 sq ft area 
at the Old Outfall Area began in February 1971 and was completed in early August 1971 
(Figure 1 3-8) Soil was inihally removed from an area 2 5 feet deep, 3 feet wde and 15 feet 
in length The depth of this excavatron decreased to a depth of about 1 foot in the area 
farthest from the discharge point East of this excavatron, a second area, approximately 25 
feet by 30 feet, was excavated to a depth of approximately 1 foot (Dow 1971a) Excavation 
actrvities were performed only when the soils were relatrvely dry to reduce the potential for 
liquid to collect in the waste drums Cement was added to each drum before and after the 

placement of the soil into the drums to absorb any liquid that may have been contamed wthin 
the soil The excavated area and the soil sample results from this area are presented in 

Figure 1 3-8 Followng these soil removal actrvitres, the area was considered to be free of 
significant plutonium concentrations (Dow 1971c) 

1 3 2 7  Soil DumD Area (IHSS 156 2) 

The Soil Dump Area (IHSS 156 2) is located wthin the buffer zone northeast of the 
northeastern boundary of the WETS secunty area and northeast of the Tnangle Area 
(Figure 1 3-4) Geographically IHSS 156 2 is located on an east-west trending interfluve that 
separates North Walnut Creek and South Walnut Creek in the vicinity of the A and B-Series 
Ponds (Figures 1 3-3 page 1 of 2) A gravel road bisects this IHSS in a northeast, southwest 
direction The Soil Dump Area covers an area of approximately 255,000 sq ft (5 9 acres) 

The Soil Dump Area received between 50 to 75 dump truck loads (actual quantity unknown) 
of soil contaimng low levels of plutonium (DOE 1992b) These soils were excavated during 
the construction of Parking Area No 334 located in the western half of the secunty area 
However the excavated soils removed from Parking Area No 334 originally had been 
excavated near Building 774 located approximately 100 feet east of Building 771 near the 
Old Outfall Area (Figure 1 3-3 page 1 of 2) Asphalt debris and concrete remains were also 

found wthin  the S o i l  Dump Area Based on the questionable ongin of these soils the 
presence or absence of contamination is unknown 
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Tnangle AregmXGrEh 1 9 h ~ ~ ~ ~ ~ e s  of surplus equipment stored in the area dunng this 
nme had &tegtable com&abons of dpha contaminatron This contaminatron apparently' --- 'c - - =  i 

\ 

of the T n q g M r e a  (Dow 1974a) By December 1968, approxlmdy 5,000 drums had been' 
placed in theTaangLe Area High wnds dunng December 1968 damaged many of  the dnrms! 
located in the TnaRgie Area. A fire occurred in Building 776 in May 1969 Followng, 

cleanup operanons, the accumulated fite waste and residues were drummed and the drums 
'were placed in the Tnangle Area for temporary storage (Dow 1974a) 

were discovered at the Tnangle Area In January 1969, approximately 29 drums were found 
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leaking in the Triangle Area This leakage affected an area of  about 200 sq ft (Owen and 
Steward 1973) The soil was removed and shipped as contaminated waste to an offsite 
facility Followng this 1969 spill all the drums in the Triangle Area were placed in 

rail/truck cargo containers to help minimize future leakage This transfer was completed by 

1971 (Dow 1974a) 

The type o f  drums and liners used for the storage of wastes in the Triangle Area vaned The 
55 gallon drums used for containment of  wastes through 1969, were made of  an inexpensive 
material wth liners made of  double polyethylene bags that had prevtously been used to 
contain miscellaneous wastes During 1969, the Chemical Operations group began cutting 

lids from peroxide contamer liners, and using tkese liners as inside liners for the drums By 
1971 the use of  used drums was discontinued due to several spills and leaks which had 
resulted from drum deterioration and higher quality drums were purchased for use (Dow 
1974a) 

In spite of the efforts to contain all wastes m higher quality drums and cargo 
leaking drums were once agam discovered in the Triangle Area The contam 
resulting from this incident was removed from an area of  approximately 1,000 sq 

contained in the leaking drums within the cargo contuners apparently included incin 
heels and Fulflo filters (Owen and Steward 1973) Insufficient drying of the inci 
heels and Fulflo filters may have marrhuted to the detenoration of  the drums 
have resulted in the accumulation of dit- nitric acid, which eventually penetrated 
of  the drums Condensation of  moisture dunng penods of  cold weather may 
contributed to liquid accumulafion wthin the drums and eventually penetration o 
through the bottom of the drums (Dow 1974b) After the 1971 incident, the bo 
containers used for waste storage were routinely fiberglassed on the inside 

running up approximately one inch on each of  the four inner walls This 
enhance and Improve contamment of the waste and any moisture buildup 
contamers (Dow J974a) 

From June 1973 to September 1973 200 yards of plutonium contaminated 
from waste storage tanks near Building 774, and stored in drums on the e 
(Owen and Steward 1973) 

(4047 9104025 521) (R7 1 1 (9nus5 9 36 ~0x1)  1-15 



In September and October 1974, an rnidal radiometnc survey of the %angle Area idenhfipd 
26 areas above background Several addiaonal tadrometnc surveys were conducted bn 
portions of the Tnangle Area gUmg the first half of 1975, and no addibonal elevated r&nb 
above background were dscovered Locatmns where the surveys were conducted in *e 
Tnangle Area are not known 

By June 1975, all cargo contarners were removed from t h d T 6 g l e  Area and shrpptd to @ 

approved facility in Idaho The Tnangle Area has not r radioactwe storage 
(Rockwell 1988a) Followng the removal of the c 
was conducted over an area of apprommately 4 ea No elevateid 
readings were idenfified from the survey Howev,&, SIX drums of soil were excavated &om 
areas previously discovered to contam eltva$eddsarllq and were sent to the drum comtqr 
at Building 771 (Dow 1975) A secend & o T m $  dmey was d u c t e d  in the Trtangle 

Area in July 1975 covenng an area of approm sq ft Twevery small areag wtb 
elevated readings were detected, from these areas at that fime 
(Rockwell 1975a) 
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In a letter dated July 13 1979 from IbcIhuel~~~Intematsod to DOE (Rockwell 1979a), tliq 
results from a radiometnc rvey co&udted within the PA and spec~fically dw Tnanglo 
Area were presented FPUETEWS wlthm th&Tr”Pangle Area had above-background r d n g s .  
By January 1980, thp -+i in ed areas had ken removed (Rockwell 1980a), 

The amount of soik.=&imveci -- 

A p r e l i m i n a r y ~ ~ ~ ~ ~ . ~ ~ ~ ~ h ~ ~ h s  conducted for the OU6 Work Plan reveded that! 

in addition’todie 55 @lo% d r h s  stored In IHSS 165, miscellaneous equtpment was also. 
present an the west and nmhwest pofisn of the IHSS hetween 1971 and- 1983 Stamed soils+ 
were vi!&& rn the nort+west corner of this IHSS in a 1971 aerial photograph In a l.9861 
aenal photograph, qmmlmal amount of mated such as pipe, and scrap metal was p r h t  
at the Tnangle Area(EPA 1988) 

is unknown (Figure 13-4) 
z I 

.e --\_ 

11349 Trenches A. B and C flrfISSs 166.1. 166.2. am& 1 663) 

renches A B and C (IHSSs 166 1, 166 2 and 166 3, respecbdy) are located nerth of the , 

ETS secunty area on a plateau that separates North Walnut Creek and the unnamed 



tributary to the north (Figure 1 3-3, page 1 of 2) Trench A (IHSS 166 1) is esbmated to have 
dimensions of approximately 80 feet by 190 feet and is located about 100 feet southeast of 
the present landfill (Figure 1 3-9) Trench B (IHSS 166 2) is estimated to be approximately 
90 foot wde by 190 foot long and is located approximately 125 feet south o f  IHSS 166 1 
Trench C (IHSS 166 3) consists of two separate trenches The westemmost Trench C is 
located between IHSS 166 1 and IHSS 166 2 and is approximately 60 feet by 200 feet The 
easternmost Trench C is located about 250 feet east of  IHSS €66 1 and 1s esamated to be 40 
feet by 100 feet in size 

The history of  these IHSSs and the dates they were actwe are based pnmarily on aerial 
photographs (EPA 1988) Aenal photographs dated October 15, 1965 show areas of  soil 
disturbance at the trenches locations Little documentation is available concerning their 
operational histories The HRR (DOE 1992b) concluded that informahon on IHSSs 166 1 

through 166 3 is vague and conflichng The exact location and contents of the trenches are 
not documented, however, sludge and liquid from the wastewater treatment plant may have 
been buried in the Trenches IHSS I66 1 appeared to be actwe from 1964 untd 

approximately 1974 (Rockwell 1988a) IHSS 166.2 was achve in 1958 though the closure 
date of this trench is unknown Evidence of IHSS 166 2 was stlll visible in the 1988 aenal 
photograph after which timetkls area began to revegetate IHSS 166 3 was actwe from 1964 
until possibly 1974 (DOE k986b) In a 1978 photograph, a road had been built across a 
portion of IHSSs 166 1 and 166 3 

IHSSs 166 1 and 166 2 received uranium and/or plutonium contaminated sludge from the STP 
(Rockwell 1988a) No other materials or wastes are known to have been placed in these 
trenches Matc6als placed in IHSS 166 3 are unknown, but it is probable that sewage sludge 
was also placed wthin this trench 

\ 

1 3 2 1 0  Forth Sway Field and South SDrav Field Areas (IHSSs 167 1 and 167 3) 

The North Spray Field and South Spray Field Areas (IHSSs 167 1 and 167 3) are located 
north of  the WETS security area and north of North Walnut Creek (Figure 1 3-3 page 1 of 

2) The North Spray Field Area occupies approximately 172 500 sq ft (3 96 acres) The 
South Spray Field Area occupies approximately 40 000 sq ft (0 92 acres) These spray fields 
are presently pvered by grasses common to the Rocky Flats area As previously mentioned 
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the Pond Spray Field Area (IHSS 1672), shown on Figure 1 3-3 (page 1 of  2). wrll be 
addressed under the OU7 RFURI Report >* 

~ I 

The penods during which IHSSs 167 1 and 167 3 were opemaonal am not precisely b o &  

However, the spray fields were used shortly after the present I] @IsS 114) b a m e  
acbve in 1968 (Figure 1 3-9) These spray fields were used d e w  fwthe pwposaof spraylag 
water over the ground surface to edmce ewporatt fionr the ponds locatd 
near the present Landfill (IHSS 114) (Figure 1 3-9) 771 and 774 fwbng 

drams The East Landfill Pond is the exlshng I andisupdp 
at the ~ a n d f i l ~  intercept groundwater that may have been con 

and is used for spill control management. The Landfill Pond, which was covered over 
in May 1981 had been used to impound leachgfe gqrated by the Landfill 

Spray evaporabon, selected as the method to wuter from the fandfill ponds, was 
first applied in the South Spray Fi Dmng operabon of  this sprai 
field surface water runoff was fo North Walnut Creek '€lis u& 
of this field was subsequently disco irrigation was moved te &e Nor& 
Spray Field Area (IHSS 167 lj ay fi&, the water WBS 

fouhd to be drarning into the Uapamed T&u& and, subsequently, into Walnut Creek Thi 
spraying was agam discontmued and rnovei?+@%e Pond Spray Field Area (IHSS 167 2) I 
The water sprayed onto these ned varying amounts of low-lev& radioachwj 
derived from mtium, stronttum, plutonium and amencium (DOE 1992b) Low eoncentrabons 
of  phenol and mtrate were also detqcted in the spray water 
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East S D ~ V  Field Area fIHSS 216.11 

The East Spray F i d -  Area (IHSS 2 16 1) is located northeast of the northeastern boundary of: 
the WETS secunty area'(Figure 1 3-3, page 1 of 2) It is geographically located on an east- 
west trending interfluve that separates North Wdnut Creek and South Walnut Creek in the 
vicinity of the A and B-Senes Ponds The East Spray Field Area covers an area of 
approximately 150,000 sq ft (3 4 acres Figure 1 3-6) 

I 
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This spray field became operational in 1989 to provide an addibonal area to accommodate 
the spray evaporabon of water from Pond B-3 The water in Pond B-3 is from the effluent 
of the STP and local surface water runoff The use of this area as a spray field stopped 
shortly after it became operattonal in the latter part of 1989 due to excessive runoff problems 

1 3 3 Previous Investrgabons 

Vanous studies have been conducted at WETS to charactmze enwronmental media and to 
assess the extent of radiological and chemical contauinant releases to the environment 
These have included geological studies, surface water and groundwater studies, and 
geophysical and radiometric surveys Several environmental, ecological and public health 
studies culminated in the Final Sitewde Environmental Impact Statement (DOE 1980) The 
historical term, RFP is used in this section due to the histoncal nature of the investtgattons 
Previous site-wde investigations (pnor to 1986) have included 

e Detailed descripbons of the regional geology (Malde 1955 Spencer 1961 

Scott 1960, 1963 1970, 1972, and 1975 Van Horn 1972 and 1976, DOE 
1980 Dames and Moore 1%1, and Robson et al 1981a and 1981b) 

e Several dnlling programs, beginning in 1960, that resulted in the construction 
o f  approximately 60 morntormg wells by 1982 

e An invesogaoon of surface and groundwater flow systems by the US 
Geological Survey (Hurr 1976) 

0 Environmental, ecological and public health studies which culminated in an 

environmental impact statement (DOE 1980) 

0 A summary report on groundwater hydrology using data from 1960 to 1985 
(Hydro-Search, Inc 1985) 

0 A preliminary electromagnetic survey of the RFP penmeter (Hydro-Search 
Inc 1986) 
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current operatronal actnab 
management pracbces, and potenbal enwron 

could be transported A number o 

environment were idenbfied Th 
(SWMUs)(DOE 1987) and were di 

Solid Waste Management Vniq 

t 
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------- -. -\ ;: 
3 inactive;ke manhgemcnt units that wll be investigated and deaned up under 

Hazardous ws$esmanage&nt-gnits that w1I1 conhnue to operate and need 8 
1 ”5. 7 6- 

1 
RCRA opix-pknit ”; ; 

! Sectton 3004(u) of RCRA or under CERCLA 
5 

later renamed wth MSS The term IHSS wll be used throughout ‘ 

investigation completed at RFP in 1986 involved a ‘  
ydrogeologic and hydrochemical charactenzabon of the entire RFP site Results of these 

Investqptron results 
contnbutors to enwronmental contaminahon, wth each 

Rockwell Internaonal (1 986b) 

5 

Hazardo”bs waste t wits that wll be closed under RCRA interim 
L a  ‘v 

z 2 
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area containing several sites The areas are the 881 Hillside Area, the 903 Pad area, the 
Mound Area, and the East Trenches Area. Due to their proximity, the 903 Pad Mound and 
East Trenches areas were grouped together and designated OU2 The 881 Hillside was 
designated as OU1 

In 1989 and 1990 two radiological surveys were conducted at RFP The aerial radiological 

survey in 1989 (DOE 1990a) consisted of aubome measurements of both natural and man- 
made gamma radiation from the terram surface in and around RFP In 1990, in situ 
radiological surveys were conducted at RFP (DOE 1991b) 

Four other RFP-wde studies have been conducted that further supplement OU6 RFI/RI 
activities the geologic charactenzation program, the background geochemical charactenzation 
study, the surface water and sediment geochemical study, and the histoncal releases 
investigahon 

The RFP geologic characterization program (DOE 1992c) was undertaken to develop a 
comprehensive geologic framework that could be used to define the direchon, rate, and 
volume of groundwater flow, delineate contaminant migration pathways and charactenze 
potential seismic risks The study was intended to be used to formulate hydrogeologic 
models, design and implement groundwater monttonng programs, and plan remedial activihes 

The background geochemical characttnzation study summarizes background data for 
groundwater, surface water, sediments, and geological matenals, and idennfies preliminary 
statistical boundaries of background variability (DOE 1992d) Similarly, the surface water 
and sediment geochemical characterization study (DOE 1992e) idenhfies surface water and 
sediment characteristics and documents general geochemical trends associated wlth 

environmental contaminanon at RFP 

The historical releases investigation was required by the Interagency Agreement (IAG 1991) 
to provide a complete listing of all spills, releases, andor incidents involving hazardous 
substances that occurred since the incepnon of RFP operabons Information descnbing 
individual release sites was gathered by background research, file review site visits and 
photography, and employee interviews Release sites including existing RFP IHSSs, were 
designated as potential areas of concern (DOE 1992b) 

t 
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I ‘  
In 1992 an investrganon was conducted to pmwde an engmecnng evaluabon of the stabibty 

and general safety of earthen dams A3, B1, B3, and the Lan@ll Dam, which were 
constructed In the North Walnut Creek and South Walnut Creek dramages The dams d d y  

included vlsual reconnamance, explorabon and evduabon of subsurfkc? conditrons, analy4es 
of data, and development of conclusions and recommendabons--rung - -  to the condmon of 
the dams Field and laboratory data, analyses, and conclydo6 and recommendations 4 e  

I summanzed in the geotechnical engmemng report @d l&3a) ! 
‘.._ 

I %* 
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1.3 4 Ongoing Invesbgabons mtbia OU6 
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1 3 4 1  

For several years sediment samples w e r & o w d  -quarterly at 17 locatms along N d  
Walnut Creek, South Walnut Creek, the unn&-~pd&py north of North Walnut Creek, an@ 

from dramages along the north SI “Pag2a, Figure 2-2) However, thp 

S edr men t Sampl mg Program of 1992 The exrang loWons 
! 

$edrmont S ~ D  liar PrH ram;-” J 
II 

# /+> 

were also sampled as part of the 

Surface water samplei @ co1lmr)menthly Q monitor the water quality p m  to and dunng! 
rous surface w a t ~  sampling sites exist along ths 

Walnut Creek drsuna&qi wi$in the A and B-Sene Ponds (DOE 1992% Figure 2-2) The 

P i 
’ off-plant site dischkge -Within 

1. m 

-- 
Phase I mvesig3IEGTw~dm~y~Qf h e  emsbng surface water sampling sr-tes to cqllect 
samples forcsai61yses Y&+e ~ X C  exlmng sites, along wrdr ad&und Phase I surfaee: 

2 * i -- < 

water sampfing sites, are shown on Figures 2 2-3 through 2 2-12 of this report I 
i 

-zGroundwate r SSUUD lrnrr ProPram 

existmg 4 1 s  at WETS includmg the OUd area, are collected ’ 

presented on Figure 3 6-1 and associated data are discussed in 
n a quarterly basts to monitor the groundwater quality beneath the WETS Emsong wells 

ection 3 6 of this report 
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1 4  SUMMARIES OF THE OU6 PHASE I RFYRI WORK PLAN, TECHNICAL 
MEMORANDA, AND LETTER REPORT 

This section presents summanes of the OU6 Work Plan, Technical Memoranda (Th4) and 
Letter Report As stated in the IAG the iterative nature of the RFI/RI process may idenfie 
additional data requirements and analyses for many of the sites (IHSSs) at WETS due to the 
unknown nature of these sites Therefore, technical memoranda shall be submitted that 
document the need for additronal data and identrfy the data quahty objectrves (DQOs) Upon 
agency approval the TM are attached as amendmentsb the approved Work Plan 

Six TM, as shown below were prepared as part of the OU6 Phase I RFVRI 

e Final OU6 Phase I RFI/RI Work Plan - Subsection 1 4 1 
e Addendum to Final OU6 Phase I RFIM Work Plan (TM1) - Subsection 1 4 2 

Human Health R s k  Assessment Model Descnptrons (TM3) - Subsection 1 4 4 
e Human Health fisk Assessment Chemicals of Concern (TM4) - 

Human Health fisk Assessment Toxicity Assessment (TMS) - Subsecoon 1 4 6 

Appendix I, Addendum No 1, Additional Pond Sediment Investigatron - 

e Human Health f i s k  Assessment Exposure Scenarios (TM2) - Subsecnon 1 4 3 
0 

Subsectron I 4 5 
e 

0 

Subsectron 1 4 7 

Summaries of the technical memoranda are presented as discussed in the documents at the 
time they were submitted and/or approved The summaries do not present interpretations 
document what was implemented, nor present results 

A summary of the CDPHE Letter Report "Source Area Delineanon, hsk-Based Conservative 
Screen, and EPA Areas of Concern Delineation" (DOE 1994a) is presented in Section 1 4 8 

1 4 1 Summary of the Final OU6 Phase I RFYRI Work Plan 

The OU6 Work Plan (DOE 1992a) presents the plan for the Phase I RFIM of the North 
Walnut Creek and South Walnut Creek dramages at WETS The Work Plan includes a FSP 
that was designed to evaluate the presence or absence of contamination in the OU6 IHSSs 



! 
The schedule and sequence of work for complemg the OU6 Phase I inv-gabon are outlined 
In the Work PIan 

0 Assess the presence at * sttes 
0 Charactenze the n 
0 Support the Phase I e 1 

m o n  at the sites i f  present I 

. -  
L 

Data quality objecbves ~we^QevelopedX$k&the O M  Phase I lavesagahon 
qualitatwe d quanbtawe 
by the RFI/RI Thrg6&eeppl& 
established and data n&& d 

DQOs arei 

the quality a d  quam& of data required 
process, mtt-specific RFYRI gods were: 

ieving these gods Table 1 4-1 presents t h e  
R J  

* e  s- 

The TM1 revised the scope of SIX Phase I RFIIRI sampling act~vihes 

The purpose*ofTMI (DQE 19920 was to eliminate UnnGccSsary effort specified in the OU6 
Work Plan h&ichpnaily,-surface water sampling along streams and surface water flow 

measurements at-em&nggauging statmns were proposed to enhance the Human Health k s k  - -  
Assessment and condinant fate and transport modeling ! 

I 



0 Deleted one alluvial well immediately downgradient of each dam at Ponds A-4 

Eliminated three proposed ambient mr samplers from the field sampling effort 
0 Specified surface water sampling and flow measurement locabons at 

Limited the radiation survey specified for IHSS 165 to the eastern pomon of 

and B-5 
e 

previously established site-wde sampling sites d gauging stattons 

the IHSS located east of the PA fence, where the soil is not covered wth 

gravel 
Substituted the use of  a field instrument for the detectton of  low-energy 
radiation (FIDLER) instead of the high purity germanium (HPGe) instrument 
specified for the above radiation survey, i f  the HPGe instrument was not 
ava lable 

e 

e 

TMl was approved by the agencies and amended to the Final OU6 Phase I W I N  Work Plan 
as Appendix H 

1 4 3 Summary of OU6 Human Health Risk Assessment Exposure Scenanos (TMZ) 

TM2 (DOE 1995a) presents 81t evaluation of potential human exposure to contamination from 
OU6 in support of  the baseline HHRA (Sectton 6 0) The objectives of TM2 are to (1) 
describe present and future land use scenarios (2) identify potential human receptor 
populations that may be exposed to contaminants from OU6 (3) determine potenttally 
complete exposure pathways by which chemicals are transported from sources to human 
exposure points and (4) prowde ewmates of  exposure parameters (e g inhalation rates and 
duration of exposure) The evaluation process associated wth these objecttves is discussed 
below 

Review of  Dresent and future land use scenarios 

A review of the current land use and activities was performed to develop a list of  individuals 
currently exposed to contaminated media in OU6 The planned potential land use (I e 
agricultural, residential, or industrial) for OU6 and the surrounding area was also reviewed 
and a list of credible future exposed individuals was developed 
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Determination of Dotenttal recentoq 

The current and future Land use scenmos were used to identtfy p a t e n d  receptor popdafions 
(humans either onste or offsite, who could be exposed to contaminants in OU6 md*) 
Receptor populabons include current or future mrkers at wits performing indoor br 
outdoor dutm that may roubnely contact contaminated m& \anile working at the ste 

Determinabon of exmsure DathwavS 

Potenbd exposure pathways were evaluated &p3 each receptor 
informatron regarding chemicd source arw &rnical release mechanisms (such as 
volatilizatron to the mr), and the ptentqfr~'cont@ wth the contaminated mehum 
Examples of exposure pathways include di f soil, inhalatlon of soil partxulate5, 
and ingeaon of gmundwater In adhbon, rectptor were determined tQ 
be (1) potentially complete and SI mplete but insignificant, or (3) 

negligible or incomplete Only the t pathways wll be evaluated 
in the baseline "RA 

# -  

8 -* 
2 e 

! 

J RJ 

\ 
Determinabon of exDosure -e ten 

Exposure parameters €or pach wen lete pathway were determined for each receptor: 
populabon Expohre'y~akef jk~ k n a b l e  estimates af variables used in intake 
cdculabons, includmg bo& weight, darly ingestton rates d a w  inhabons rates frequency 
and duratron of e@Bwe, and.mw others 

1 4 4 St~nrdrry of OUQ Human Health Rmk Assessment Model Ducrrpbons (TM3) I 

TM3 (DOE I994b")rwid.e~ a descnptton of groundwater, surface water and a ~ r  modeling , 

conducted for O W  The objectrve of &e modeling is to support the HHRA This wlll be ' 

ccomplished by sim-&tmg the transport of chemicals of concern (COC) from OU6 to : 
otential exposure points for human meprors under present and anacipated future site i 

A- 

* =  
8 *-- 

"., 

a -._ --+%* - e- - 
% \  

-- 

onditrons t 
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A conceptual site model (CSM) was developed to identie and evaluate the chemical source 
areas chemical release mechanisms environmental transport media, potenaal human intake 
routes, and potenaal human receptors at OU6 The purpose o f  the CSM is to idenfie human 
exposure pathways to be quanataavely evaluated in the HHRA Exposure pathways chosen 

for evaluation in the nsk assessment may require fate and transport modeling to esbmate 
chemical exposure point concentratlons The followng models were selected to meet the 
requirements and objectives of  the modeling study 

0 The ONED3 analyncal model for groundwater contarmnant fate and transport 
Also, water balance analyses wdl support the ONED3 analyses 

0 The watershedwater quality model HSPF9 for surface water fate and transport 

0 The Superfund Exposure Assessment Manual (SEAM) Models for soil gas fate 
and transport, a box model for onstte ambient lilr contaminant fate and 
transport, and Fugittve Dust Model (FDM) for offsite ambient mr contaminant 
fate and transport of OU6 source au emssions 

Data available for use as input €or the modeling activiaes were evaluated based on a review 
of previous and ongoing investigatlons and general literature The data currently available 
to estimate model input parameters were also summanzed in TM3 

1 4 5 Summary of OU6 Human Health Risk Assessment Chemicals of Concern (TM4) 

TM4 (DOE 1994c) describes the selection process for determining COCs to be evaluated 
quantitavely in the baseline HHRA for OU6 and presents the selected COCs for surface 
soil subsurface soil groundwater stream and pond sediments and pond surface water Data 
from each mechum were evaluated on an OU-wde basis therefore the primary contributors 
to risk in each medium became the OU6 COCs COCs include (1) metals and radionuclides 
that exceed the background range and could pose a threat to human health under assumed 
exposure conditions and (2) detected organic chemicals and nitrates that are environmental 
contaminants (I e not naturally occurring) and could pose a threat to human health under 
assumed exposure conditions The identification of COCs helps to focus the efforts of the 
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1 
Ecological hsk Assessment, environmental transport modeling, and remedy selechon 
summary of selected COCs for the OU6 sampled medla IS presented below 

I 

Pond I 

Surface Subsurface - p, Wond Surface Span 
Soil Soil Groundw&/ Sediment Water Sa(iment 

Chemicals of Concern $ d -.- -' I 
j 

- -  I 

Aroclor-1254 il 5 

Benzo(a)anthracene -%- 

Benzo(a)pyme X 4 

* .* 

d 

X 

. ax X 
x r  I 

x /  r x6 f J>- x ;X Benzo(b)fluorauthene 

Bis(2-ethylhcxyl)phthhalate 
< --= 

X 
" . -  --=-\%J ,= 

X Di-n-butylphthalate ' 4 . -  

x Indeno(l,2,3-cd)pyrene - -," "k 
"2,. 

Acetone 

X 
X ! 

x 

% *+-- 

,f -% 
j r  

I 1 %  ~ --a 
Methylene chlonde 

Tetrachloroethene _ -  - 
Tnchloroethene - 
Antimony 

3 X 
--< I I 

X e -2 
-p -.- % - <  

X -- - 
Banum %- ! * -\- == . % * -  = *  -- 

Y -- ?% SI Cobalt - 
Silver - X X 

-. ' 4  Strontium 

Vanadium X 

~ 

- X X 
7 

X f ,  xl 

- X Zinc -. 

Nitrate 

Amencium-241 

X 

X X X 
X X X Pluton1um-239/240 X 
X Jranium-2331234 

1-28 



Pond 
Surface Subsurface Pond Surface Stream 

Soil Soil Groundwater Sediment Water Sediment 

Uranium -23 8 

Radium-226 

X 

X 

Special-Case Chemicals 

Vinyl chlonde X 

Cbemicals of Interest 

Antimony 

Arsenic 

Beryllium 

X 
X 
X 

X 

Manganese X 

TM4 briefly descnbes the environmental sampling and analytical program that determined 
the data to be collected in each med- TM4 also dascnbes the process for reviewng 
data used to idennfl the COCs that will be evaluated m the baseline HHRA In general, 
the selection of COCs were based on the fdlowng critena 

e Metals and radionuclides were compared to background levels using the 
Gilbert methodology (Gilbert 1993) Those analytes not exceeding background 
were elrminated from further consideration as COCs Those analytes 
exceedtng background were considered potential chemicals o f  concern 
(PCOCs) unless geochemical evidence or a spanal/temporal cornpanson 

demonstrated that the analytes were not different than background Four 
metals (antimony arsenic beryllium, and manganese) are evaluated as 

chemicals o f  interest (COIs) in groundwater and arsenic in streaddry 
sediments based on an IAG agreement COIs are evaluated in the 
uncertarnties section (Section 6 10 6) 

e Organic chemicals and nitrates that were detected above laboratory repomng 
limits at a frequency greater than or equal to 5 percent were considered 
PCOCs Organic chemicals detected at less than 5 percent frequency were 
evaluated as potential special case COCs as described below 
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-% 

other chemical-specific xnformaaon is avalable 

, I 

0 PCOCs in each medrum were idenbfied as COCs if the indiwdual PCOC 
contnbuted more than 1 percent o f  the total potenba) nsk for the me&& 
based on the conccntr&on/toxic1ty screens 
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EPA policy assumes that any exposure to a carcinogen could result in cancer, regardless of 
the dose Oral and inhalation SFs are used to estimate the upper-bound probability o f  an 
individual developing cancer from lifetime exposure to a potential carcinogen and are likely 
to overestimate risk (EPA 1989a) Where appropriate, oral SFs were used to assess 
carcinogenic effects due to dermal exposure 

The EPA does not recommend the evaluabon of noncarcinogenic effects o f  rahonuclides 
because the toxic effects are considered to be insignificant d e n  compared to the carcinogenic 
effects Internal SFs for ingested and inhaled radionuclides are denved by considenng the 
energy level of  the radionuclide and the residence m e  of  the radionuclide in vmous body 
tissues External SFs for nsk from exposure to radionuclides through the skin, are 
determined by the energy level of  the radionuciide and the duration of external exposure 
TM5 also presents effective dose coefficients €or radionuclides The dose coefficients are 
used to estimate the radiabon dose absorbed by an Individual exposed to radionuclides in 

OU6 The absorbed dose is then compared to the dose allo-wed by the EPA to determine i f  

the radiation emitted exceeds safe levels 

1 4 7  Summary of Appendix I, Addendum No 1, Additional Pond Sediment 
Investigations 

During the Phase I RFIM pdychtortitased biphenyls (PCBs ) were detected in sediment 
samples from ponds in both series PCBs we common environmental contaminants released 
from electrical generators and transformers where they are used for electncal insulation 
PCBs are known to be toxic to both human health and the environment 

The purpose of this document was to provide a preliminary evaluation of  the potential 
ecotoxicological risks of  the PCB-contaminated sediments in the Walnut Creek dranage and 
to identify adclrtional sampling that may be needed to characterize those nsks adequately 
hsk characterization must be adequate to support remediation decisions for the OU6 IHSSs 
This informafion was used pnmmly in the ERA, but was also incorporated into the HHRA 
and Nature and Extent sections of this report 
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1 4.8 Summary of the OU6 CDPBE Letter Report (Rmk-Based Consewatwe Sc&) 

The CDPHE letter report presents the development of the ask-Based Conservatrve Scr a. 
and the delineabon of murce areas used to define areas of concern (AOCs) in OU6 

The CDPHE hsk-Based Conservabve Screen was devel*ed'to support evaluation bf 
contaminant source areas performed by CDPHE +n is used to support &e 
identification of low-hazsrd areas that may warrant n ossible high hazard 

areas that may warrant potenbd early actton, and tho be evaluated in 
""", 

.F=\ f P  ! 

f i  

the baseline "RA = P  
I .; 

5011, subsurfme soil, pond 
i 

Step 3 
d groundwater 

<- 

e ---- 
CdctiiatLthe m m u m  concentraon af each PCOC ta tha 

1 

-=" Kp&?bPkE conbrvatrve screen decision cntena (defined III CDPHE 1994): 

I 
Step 4 

iGg @3C, sum the rattos for each medlum in each source area. '---, 1 
. %.. k, t 

I Step 5 

i 
I 

! 

.= /- 
The CDPHE hsk-Based Consenratwe Scrm' i&lud@ the folbwng a x  steps 

' f  ;'". - -as 

-z &=@f / 
4, 

to the RBC rmo sums for each sou~%t area t 
I 

Step 6 Define A&% for the baseline "RA based on source areas I 
The AOCs are defined as one or several source areas that are in close groxlmity and can be 
evaluated as a unit in the "RA In OU6, the AOCs were delineated based on the proximity 



of the source areas and the media evaluated in those source areas A baseline HHRA wll 
be conducted for each AOC, focusing on the area of maximum contamination (mwmum 
exposure area) wthin each AOC 
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2 0  

OU6 FIELD INVESTIGATION 

This secbon provides a description of the OU6 Phase I RFI/RI field investigabon The field 
investigation, conducted in 1992 and 1993 gathered data to evaluate the nature and extent 
of contaminabon wthin the OU6 IHSSs i f  present to charactenze the geology and 
hydrogeology of  the sites and to support an evaluatmn of the fate and transport of  
contaminants for the baseline "RA 

A primary objecbve of the OU6 Phase I RFI/RI s to characterize the nature and extent of 
contamination in the soil sediment surface water and groundwater wthin the 20 IHSSs in 

OU6 These IHSSs are shown on Figure 1 3-3 The OW6 Work Plan (DOE 1992a), outlined 
addibonal objectives and presented a FSP that defined field activities intended to meet the 
objectives stated in the Work Plan A summary- of the Work Plan IS presented in 

Section 1 4 1 An addendum to the Work Plan, TMI (DOE 19920, presented a reduced 
scope of work for invesbgation at vmous IWSSs. A discussion of the revision of vanous 
IHSS boundaries and locations that resuhed from the HRR (DOE 1992b) is discussed in 

Section 1 3 2 

A four-staged approach for condumng the field invesbgabons was incorporated into the FSP 
The four stages some ur all of which were conducted at each IHSS are summarized from 
the FSP as follows 

Stage 1 

Stage 2 

Stage 3 

Stage 4 

Review existing data 

Conduct preliminary field surveys and screening activities 

Conduct a field sampling program for soil sediment and surface water 

Install monitoring wells and implement a groundwater sampling program 
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1 
Stage 1 consisted of collecbng, reviewng, and andyzmg mstmg data for each IHSS,. 

I 
I including aenal photographs and site records Data from other operable unit Investigations 

I 
i 
I 

I Stage 2 involved preliminary screenrng actrwhes, mcludiqgC r&ahon. surveys, a soil 
I i 

survey at Trenches AI 
I 
i 
t 

that became avarlable followng preparaaon of the Work Plan w m  afso Compiled an d I 

evaluated, i f  appropriate 

J--> I 

survey in the Tnangle Area (IHSS 163), and an electrom 
B and C (IHSSS 166 1 - 166 3) 

z a Stage 3 consisted of Phase I sampling actnmeSCfi 9011, s8dtmen 

vanous IHSSs Soil bonngs were completed Ad sampled at mne of Be IHSSs f t 
charactenzatmn of  subsurface condibons ation These actmbes prowde$i 
confirmatron of  the Phase I preliminary s m  as arded the &ate I geblog* 
and hydrogeologic charactenmon of the 

rtonng wells and two b+dro 
ng of selected sites and to mrtit - f  r 

Stage 4 involved Be instdimon 

I 
monitonng wells to characterize fh 
groundwater conditions beneath OU6 IRSSS I As d tbe 4?h 
quarter 1994 four wells (7- 76792 '??Id2 and 77391) remruned dry and have ndt b& 
developed, of the r e m a r a i n ~ ~ i w e l l s ,  fivb wdls (75092,75292,76192 76292, and 9749 1 
were sampled after y d l a h  ment and two wells (75992 and 76992) w e p  

surface water 
p 3 

i 
- g-., - 

*-  a, 

. -. 4 I 3  

F! 
initrally dry and s&pld.at a 1 1 

x I 

Table 2 1-1 s~armmti the-rjcpk-qd numbers of field acavlfies conducted dunng dre Op6 
-c1 + 

--% _I --< B 
Phase I Investigation / 

c , 
I 

2 1 

The OU6 Phase r%ld actiwtres were conducted from the Fall of i992 through the SpknB 
of 1993 As disc-; above, field actrvitres were conducted in &ur general stag& pis 
secbon prowdes an overview of the field actwitiosami procedures implsmmted tior &h 
activity associated wth the four-wed approach used in the Phase I field program 

aVERVIEW OF OW PHASE I FIELD AefIVITIES 
3 

* 



Field operations for the OU6 Phase I investigation were conducted in accordance wth the 
Work Plan (DOE 1992a) TM1 existlng WETS SOPs as contruned in the Rocky Flats 
Environmental Management Department (EMD) SOPs Volume I Field Operations, 
Volume I1 Groundwater Volume I11 Geotechnical Volume IV Surface Water 
(EG&G 1992a) and the Environmental Management Radiological Guidelines ([EMRGs] 
EG&G 1991a) In some cases, modificabons were made to the Work Plan, TMl or SOPs 
The modificanons were documented in Document Change Nobces (DCNs) that expluned the 
nature of and rationale for the changes Table 2 1-2 sumrnanzes the SOPs ublized for the 
Phase I field investigabon and Table 2 1-3 summarizes Work Plan and TM1 DCNs 
applicable to this investigation 

Field actlvities were conducted in accordance wth the Site Health and Safety Plan (HSP) 
(EG&G 1992b) As specified in the HSP radiatton and volatile organic compound (VOC) 
monitoring was performed dunng dnlling and manitormg well installation to avoid potenbal 
personnel exposure and to ininate personal protecbon actron levels In addibon, the VOC 
measurements were utilized as an indicator sf possible VOC contaminabon o f  the cuttings 
and core and to identi@ intervals for sampling Radiation and VOC monitonng was 

conducted rn accordance wth SOPs FO 15 and FO 16 

Prior to the start of field acnvraes drilling and sampling equipment was decontaminated at 
the WETS main decontamination faerltty I I ~  accordance wth SOPs FO 03 and FO 04 Hand 
sampling and downhole sampling equipment was decontaminated between sampling events 
and at the conclusion of the field investigation prior to leaving the IHSS Downhole dnlling 
equipment (e g , hollow-stem augers, flightless augers, dnll-rods were decontaminated 
between boring locations Drill ngs were decontaminated between the IHSSs and at the 
conclusion o f  the drilling program Prior to decontamination and before being released 
offsite equipment was screened using a Ludlum 12-la wth 43-5 scintillation alpha detector 
and a Ludlum 31 with a 44-9 beta detector in accordance wth the EMRGs Smear samples 
were also taken in accordance wth EMRGs 
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2 1 1 Stage 1 Acbvrtits - Renew Existrag Data 

I 
' 1  I (  

t 
?= 

Stage 1 actwitm consisted of rewewng the iIRR (DOE 1992b), 9\#il&Ie aenal photos ' 
I 

existtng monitonng well data, and surface water and stream sediment data for each &S§ 1 
In general, Stage I actrwties were completed pnor to performi e fwhi work at each MSS 

I 

I 

-= ,." 
2.1 2 Stage 2 Actrntres - BreIiminary Screenbg i-' i;i, 

2 1 2 1  Radrabon Su cvevs 

Ground-based radiabon surveys employing HIjde,gamma-ray sensors were conducted frod 
Apnl through June, 1993 at outside the PA only) Thew 
surveys were performed to evaluate whet& radronuclides were prestint ~d 
surface soils at these HSSs The gemaniu aced to provide overlapping 
coverage between stabons for the dly €00 percent coverage. The 

fy the associated isotopers; Th' gamma-emi mng ~aciion ucl ides 
radiatmn acbvibes and results 

Pnor to sample collectron & sample'&$e in OU6, wth the excGption of pond water and 
wet sediment sample 1- & screenqd>r radtatron using a FIDLER or a Ludluth 
12-1A wth an a r  pbpmond c w h e  wth FO 16 The results of- th4 
radiafion surveys &ere- bel&. levels for all sites, and are summand in 

I 

P nted in Appendrx B1 

f 

-2 .p" -4 

-2 
; Appendix B2 %%\ -. 

I 
A real-tme sal gas survey was conducted over the Tnangle Area (IHSS 165) to wduaw 
whether VO@s we= present in subsurface soils and to cud in the siting of boreholes Soil gk  

samples were colleoted using expendable point samphng probes The expendable points webe 
hydraulically dnven into the subsurface wth I-inch diameter probe rods Once the poiht 
reached the interval of interest, the rod was slightly retracted for sampling Polyethyleqe 
tubing was then attached to the probe rod and a vacuum was drawn to collect soil  gas frobn 
the interval of interest The soil gas was collected in a 500 milliliter (ml) glass sample b d b  
wth teflon valves and a teflon coated septa port at its center Once the sample was dlectkd 

I - I  



r 

in the bulb, it was then analyzed using an onsite gas chromatograph The soil gas samples 
were analyzed wthin four hours of collection 

Between collection o f  each soil gas sample the downhole equipment was decontaminated 
wth a soap (liquinox) wash and rinsed wth disalled water New 60 ml syringes and new 
polyethylene tubing were used for every soil gas sample The 500 ml glass sampling bulbs 
were purged wth high grade helium vapor for 1 minute pnor to sample collecaon and a new 
teflon coated septa port was used between each sample 

An onsite Hewlett-Packard 5890 Series I1 gas chromatograph wth a 75 meter by 0 53 

millimeter (mm) internal diameter (ID) volatiles column photoionizaaon detector and an 
electron capture detector (PIDECD) were used to perform modified EPA methods 8010 and 
8020 analyses o f  soil gas samples The target analytes included acetone chloroform, 
1 2-dichloroethane (1 2-DCA) methylene &lor&, toluene tnchloroethene (TCE), 
2-butanone, and tetrachloroethene (PCE) 

The soil gas survey at IHSS 165 is discussed further in Section 2 2 5 

survey are presented in Appendix B3 
The results of the 

2 1 2 3  GeoDhvsrcal Survey 

A geophysical survey was performed tn the vicinity o f  IHSSs 166 1 166 2, and 166 3 

(Figure 2 1-1) to help delineate the locations and lateral extent of suspected burial trenches 
idenafied d u n g  aenai photograph review (Stage 1) The geophysical technique employed 
was an EM survey The EM survey measured conducbwty vanations between native soils 
and possible disturbed backfill material using a Geonics EM-3 1 ground conductivity meter 
The interpretaaon of  the results o f  the EM survey, in conjuncaon wth field observations o f  
ground surface features were used to select the location of soil borings for the purpose o f  
sampling suspected trench material 

Boundaries for the EM survey were located by plotting bemngs and distances from 
identifiable landmarks observed on aerial photographs and available maps Upon locating 
these landmarks in the field traverses were made using a Brunton compass and measunng 
tape to lay out baselines for the EM survey grids The identified baselines were then used 
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The EM survey data were collected using a statmn 
recorded by diptal data logger Data were col 

i modes, promdmg penetramn depths of up to 
and contounng was accomplished using &p coRputer software Data input includd 

.= p * -% I 

of suspected past trenching m w g  
IHSSs 166 1, 166 2, and 166 3 

er=&scusses the EM survey wdrk 
I ’ 

- -  
2 1.3 Stage 3 Aetrvibes - Sedbwqt, gnd Surface Water Samplbg 

\ 

-. 

2 13 1 

Soil bonngs were dnlled at s W e d Q U 6  IHSSs, where access was feasible Subsurfke soh1 
samples were collected and anGyzed to charactenze the waste mateds rematmag in place, 
and to assess contaminant concktrahons in the alluvium and bedrock matenals directly 
beneath -&e- sites The spectfic soil bonngs dnlled in each MSS are discussed further in 
Sechon-Z2 and site locatmn survey data are contamed in Appendix C1 Soil cords, 
referenced in WSS 165, were drilled an the same manner as soil bonngs as discussed b e b k  

Soil bonngs were advihced using 3-1/4-inch lD hollow-stern augers, In accordance w& SOP 
GT 02 Bonngs dnlled wthin IHSSs were generally dnlled through alluvium or in so*e 
cases through fill matenal into undisturbed soil or bedrock Samples were obmned using a 

3-inch ID split-spoon sampler wth a stamless steel liner for VOC sample collect~on VC)C 
conbnuous samples were collected throughout the enbre borehole depth for lithologic loggihg 

j 
I 

4 -< 

\ -  

i- 

I 



purposes in accordance wth SOP GT 02 Lithologic samples were classified in the field and 
a preliminary borehole log was completed by the rig geologist using the Unified Soil 
Classification System (USCS) in accordance wth SOP GTO1 If groundwater was 
encountered, the depth it was first encountered dunng dnlling and the water level at the 
compleoon of  dnlling were recorded on the borehole log 

Samples collected for lithologic logging purposes were placed in core boxes and retamed for 
detaded logging by the project stratigrapher In IHSSs 143 116 2 165 166 1-3, 167 1, and 
167 3 sieve analyses were conducted on selected soil samples to provide rnf'ormation on gram 
size distnbution Lithologic logs o f  the OU6 Phase I borings are provided in Appendix C2 
Results o f  the grain size analyses are discussed in Section 3 9 

Samples were also collected from the boreholes for chemical analysis Figure 2 1-2 illustrates 
the typical sampling scheme for collecbon of  chemid samples from soil bonngs Discrete 
3-inch by 2 5-inch samples were collected in stcunless steel liners at approximate 4-foot 
intervals and submitted to the laboratory for VOC analyses as required by the Work Plan on 
an IHSS-specific basis For those boreholes that penetrated the water table a discrete sample 
for VOC analysis was collected from the base of the first drive sample below the depth where 
saturated soil was encountered For those boreholes that penetrated bedrock, a discrete 
sample for VOC analysis was collected from the base of the first drive sample wthin bedrock 
immediately below the overlying ummsalidated material In addition a discrete sample for 
VOC analysis was collected from any mawnal exhibiting an elevated organic vapor monitor 
(OVM) reading staining, discoloration odor or any other anomaly indicative of potenoal 
contamination In adchon to the discrete samples, composite samples were collected in 

borings at various frequencies according to the Work Plan and submitted to the laboratory for 
semivolatile organic compounds (SVOC), metal, pesocide, polychlorinated biphenyls (PCB), 
and radionuclide analysis If sandstone was encountered beneath the alluvium, the composite 
boring sampling continued uno1 claystone bedrock was encountered VOC and composite 
boring sampling is discussed on an IHSS-specific basis in Section 2 2 of this report 

Followng removal from the borehole the split-spoon sampler was opened and the core was 
screened for radiation and VOCs using a Ludlum 12-1A and O V M  respectively The VOC 
stainless steel liner was then removed from the split spoon sampler capped wth TeflonTM 
tape and plastic caps, sealed wth black electrical tape, labeled, sealed in ZiplocTM-type bags I 



I 

and placed in a cooler wth ice Foliowng removal of the VOC stamless steel liner, the split-: 

descnbed by the Work Plan, a composite sample was prepared Composite sample maten j the sun 

consisted of a mixture of scrapings from cores from cons= 
been peeled in accordance wth SOP GT02 Compw 

appropnate labeled sample contamers, and the contuners 
ice Split-spoon samplers were decwhminated betwe6 

spoon sampler contaming the remcuning sample was closed and p l d  in a locaaon out o rl 
After the appropnate number of samples were collected from a borehole 

bags In a cooler wt 

For each sample submitted for chemical anal 

screen) sample was collected RAD screen 

levels to ensure that potentrally radioactwe 
appropnately as outlined in SOP FO 18 6 
analyzed before the corresponding andytml &qpl&yete shm offsite 

Subsurface soil samples were shi 

that shows the analytes or anal 
vmous IHSSs Discrete samples arget Comgmmd List (TCL) V O q  
Composite samples were adyqzd 3- for v ~ o ~ ~ a l y t e s  or sady!e groups depmhng pn die 
IHSS in which they ware r <  dkpd T&lC4?&5 lists the specific analytes BssocmtA un)h 
each analyte group rd&k t o m  -4 and Table 2 1-6 lists the sample cunfwn& 
sample preservaaan, ak sgiipt-*'hhles for bte samples ~ a d f l c a ~  resuits %r 
subsurface sail s k p k  Adyses are presented in Sectton 4 5 and are tabulated $n 
Appendx D2, -----% - 
Quality Kontrol (QC) pr&&ures were followed in the field fir subsurface soil sarnplingm 
accordb3we mM the EMD SOPS, the RFP Site-Wide Quality Assurance Pmjsct Plan (DQE 
1992g), and th~~~proJ~kpec i f i c  Quality Asswance Addendum (DOE 1992h) Field 
samples includehq&ment nnsates, duplicates, matnx spike/makrx spike duplicates, and lab 
replicates for radionudide analysis Table 2 1-7 summmzes the QC sample types and'sample 
collecoodanalysis frequencies for the QC samples QC sample analysls results are disc&d 
in Section 4 2 3 and Appendix E 
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2 1 3 2  Surface Soil and Drv Sediment SamoIing 

Surface soil and dry sediment samples were collected in OU6 using the RFP sampling method 
in accordance wth SOP GT 08 surface soil sampling This method consisted of dnving a 
stamless steel cumng tool (Fig 2 1-3) 5 cenhmeters (cms) into undisturbed soil The sample 
wthin the tool cavity was then collected using a stanless steel scoop and placed in a stamless 
steel sample contamer for compositing Under the RFP method, 10 subsamples were 
collected for compositing from the comers and the center of  two, 1-meter squares, spaced one 
meter apart After the 10 subsamples were collected, a representatwe composite sample was 
obtained in accordance wlth SOP GT 02 Sampling equipment was decontaminated between 
composite locations 

After compositing was complete the sample was then placed in the appropriate labeled 
sample contamer and the contamer was placed 18 a plastic bag in a cooler A RAD screen 
sample was collected for each locabon RAD screen samples were collected to analyze 
radiological levels to ensure that potentid radioactive analytical samples were handled and 
shipped appropriately 

Surface soil samples and dry sediment samptes were shipped offsite for chemical analysis 
Table 2 1-4 is a matnx that shows the analytes or analyte groups for surface soil samples and 
dry sediment samples collected from d e  umous IHSSs Composite samples were analyzed 
for various analytes or analyte groups depending on the IHSS in which they were collected 
Table 2 1-5 lists the specific analytes associated w~th each analyte group referred to on 
Table 2 1 4 and Table 2 1-6 lists the sample contamers, sample preservation, and sample 
holding times for the soil and dry sediment samples Analytical results for surface soil and 
dry sediment sample analyses are presented in Section 4 4 and are tabulated in Appendix D1 

QC procedures were followed in the field for surface soil and dry sediment sampling as 

descnbed for subsurface soils in Section 2 1 3 1 Table 2 1-7 summmzes the QC sample 
types and sample collection/analysis frequencies for the QC samples QC sample analysis 
results are presented in Appendix E 
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2 1 3.3 , q a  Stream Sedim r f w  I' 

Stream sediment samples were collected using a 2-inch diameter core sampler wth a hand 
dnver, in accordance wth SOP SW 06 The matenal collected was sieved in the field-wthj 
a 12-rnch Qameter brass sieve (#IO mesh) and then cornposit- mnung, quairtenng, and 

I mixrng agam Samples were then placed in the appropn sample jars The s m p l ~  
contamers were placed in plastw bags m a cooler wth ice 
were in accordance wth SOP FO 13 The sampling 
sample locabons I 

I 

Pond sediment samples were collected in acqdaoce wth SOP SW 06 Cor8 samples w& 
collected wth a 2 5-inch &meter palyure$l;ape tuhqthat r -  was pushed into the sediment 
These core sediment samples were lithohgi&*k&ed in accordance wth the USCP 
(SOP GT 01) Hand dredge en sufficient sample could not & 
obtarned from core sampling 
mixing, quartenng, and mixing ed xn the appropnate lrbalb 
sample contamers The sample con in plashc bags in a -let wdh 
ice Handling and shipping of cordance wth SOP FO 13 ' 

For each sediment sampk6,,sm-espa&mg &@ screen sample was colleted, as outlined in 
SOP FO 18 to anal& s&iofq&c-r:ir to handltng and shipping the coneqwndiqg 
potentmlly rdoacolve itq~yg&~--/- 

Stream and p d  Gibwqtt SaqpImwere shtpped offsite for chemical a@dyss Table 2 1 c4 

provides c i h  Qat shows the ana~ytes or malyte~roups for streak 
and p o d  sediment slmpl& collected from the moas Ill& Composite sedtrnent sunplbs 
were anrdyzedfor =, vmous aadytes ot analyte groups depending on the IHSS in which thpy 

were collected- ---% Table 2 1-5 lists the specific andytes associated wth Bach andytd p ) l p  

referred to on T&h.2 14 and Table 2 1-6 lists the sample contarner~~ ample preswabdn 
and sample holding tmes for the stream and pond secfiment samples Andytml results for 
stream and pond sediment sample analyses are presented tn Sectron 4 8 4 am tabuhted!in 

Appendix D4 i 
I 
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QC procedures described for subsurface soil sample collection (Section 2 1 3  1) were also 
followed in the field for stream and pond sediment sampling Table 2 1-7 summarizes the 
QC sample types and sample collection/analysis frequencies for the QC samples QC sample 
analytical results are presented in Appendix E 

Stream and pond surface water samples were collected in accordance wth SOPS SW 03 and 
SW 08 respectively Stream samples were collected during baseflow and storm event 
conditions In general flumes are located at stream sampling stations Stream samples were 
generally collected from the center of the flume by submerging a starnless steel or TeflonTM 
sampling container just below the water surface and allowng the contmnw to fill While the 
sample contruner was being filled, care was taken to minimize disturbances in the stream bed 
Followng collection the water sample was transferred to the appropriate labeled sample 
contamers, which were then placed in a cooler wth ice Stream flows were measured 
immediately after water sample collection by reading the gauge height on the flumes If 
sampling took place at a location wthout a permanent flume, stream flow measurements were 
taken using either a portable flume a bucket and stopwatch or a pygmy flow meter Field 
parameter measurements (eg temperature speclfic conductance, pH) were then taken in 

accordance wth SOP SW 02 

Pond surface water samples were collected either from shore using a stamless steel dipper or 

from a boat using a TeflonTM b a t h  Agam the samples were transferred to appropnate 
labeled sample contamers which were then placed in a cooler wth ice 

Stream and pond swface water samples were shipped offsite for chemical analysis 
Table 2 1-4 provides a taboratory analytical mamx that shows the analytes or analyte groups 
for stream and pond surface water samples collected from the various IHSSs Table 2 1-5 

lists the specrfic analytes associated wth each analyte group referred to on Table 2 1-4, and 
Table 2 1-6 lists the sample contamers, sample preservation and sample holding times for the 
stream and pond sediment samples Analytical results for stream and pond surface water 
sample analyses are presented in Sechon 4 7 and are tabulated in Appendix D4 

QC procedures described for subsurface soil sample collection (Section 2 1 3 1) were followed 
in the field for stream and pond surface water sampling Table 2 1-6 summarizes the QC 

2-1 1 
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short grass pmne, pasture and valley slde 

, 

locatrons were determined using mal phdgkphs, soil and topograpkc maps,' and 
, radiological field surveys Soil samples from 6 thrqpits were collected using a mo&fied 

! trench method in accordance wth SOP G'XOF -%. ' -A 
l 

2 1 4  Stage 

2 1 4 1  

a 
--= 

a" 

I 4 - - - _  

Monitoring wells were 1ns-n acoDrthpceqmth SOP GT 06 The typical constructron far 
4 



The above-ground completion detarls of the monitonng wells are depicted in Figure 2 1-5 
Vented caps and vented, lockable steel casings were installed for each monitonng well In 
areas of heavy vegetation or traffic, 3-inch diameter steel guard posts were installed around 
the monitoring wells at a distance of  approximately four feet radially from the surface casing 
Protective steel casings and guard posts, when installed, were panted wth pnmer and enamel 
paint suitable for outdoor exposure 

2 1 4 2  Monitonnn Well DeveloDment and Groundwater SamDling 

Followng installation groundwater monitonng weirs were developed and sampled under the 
WETS site-wde groundwater program Monitoring well development was conducted in 

accordance wth SOP GW 02 and groundwater samplmg was conducted in accordance wth 
SOP GW 06 

Groundwater samples were shipped offsite for chemcal analysis Table 2 1-4 provides a 
laboratory analyt~cal matnx that shows the analytes or analyte groups for groundwater 
samples collected from the various IHSSs' Table3 1-5 lists the specific analytes associated 
wth each analyte group referred to on Table 2 1-4 and Table 2 1-6 lists the sample 
containers sample preservation, and sample holding times for the groundwater samples 
Analytical results for groundwater sample analyses are presented in Section 4 6 and are 
tabulated in Appendix D3 

QC procedures followed in the field for groundwater sampling were those included in the 
WETS site-wde groundwater pmgram QC sample analyt~cal results are presented in 

Appendix E 

2 1 5  Addibonal Phase I Investigation Activities 

2 1 5 1  Site Numbering 

Tables 2 1-9 and 2 1-10 list the WETS-assigned site numbers and corresponding survey 
coordinates for sampling sites in OU6 To differentiate the type of  medium sampled at a site 
a prefix was assigned to all sites except borings and wells The WETS-assigned site 
numbers do not distinguish boring sites from monitoring well sites (e g there is no BH or 

I 
L 
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I 

I MW prefix) All sedrment sample sites (I e ,  dry, pond and stream sediments) were 
designated by a “SED” prefix in the site number Surface soil sample sites (also known ag 

I 
soil scrapes) were designated by a “SS” prefix in the site number Surfrce water sample mteq 

(I e ,  baseflow, storm event, and pond water samples) were asslgned a “SW” prefix in the  SI^ 
number 

I 

2 1 3 2  Enmnanan S urvevrng 
! 

Pnor to performing screening surveys, hiling an&surfa~e ng, the specific: 

4 B sampling points were approximately located in t&?$ield relatwe to knodlsndmarks usin 
a compass and pacing method 
monitonng wells, k?cabon coordinates and d h o n p y e r e  sltrveyed to a minimum rehvp 
accuracy of  0 1 feet honzontally and 0 01 fdet &s&&fby an engmeenng suNgror rurd we& 
reported in State Plane Coordinates For hon , the surveyed point was ei&r th,b 

center of the borehole marker or the center of g d l - n g c a p  fhreb 
elevabon measurements were takeir fo the ground devabon, the top c$f 
the well casing and the top of the <y , dry sedrment, and pond s&mpb 
locations, although not surveyed, w&qmmsured from known landmarks u n g  m&unr$ 
tapes and compasses S u r f w e ~ ~ i l  sampli~g hints coinciding wth a borehole or monitonb 
well locaaon shared s+r&n.tes bcpn coordinates for each sample cotllcctrdn 
point are listed in T&ld/Z 1-8 a&=%-LU . Elevmons for menitoring wells are listed dn 
Table 2 1-8 All surv~-@,ti&~ 

2 133 AHi%afiar?mt 

Freld and laboratory data collected dunng the Phase I field mvesbgt&on were incorporatdd 
into the Rocky Flats - Environmental Database System (RFEDS) The WEDS is used ta &at+, 
store, and retrqye pmpct 7. data Data were input to the WEDS via diskettes subseqttent b 
data vahdation riSRoutfined in the Environmental Restoratmn Program (ERP) Q u a h , ,  
Assurance Project PI; (QAPjP) and SOP FO 14 (Field Data Management) Hard cok 

Foilowng the&I$np of soil bonngs and instaliatson 
> ,  

9. I 

i 

. .  
-7. 

d in Appendix Cl 
I -- 
I 

-% ‘a, 

-----==.. * . 

reports were then generated from the system for data interpretatron and evaluatton I 
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2 1 5 4  Surface Geoloeic MaDDine and Seen Field Identification 

In  addition to the field inveshgabon activities described earlier, surface geologic mapping and 

seep identification actwiaes were performed to a d  in the geologic and hydrogeologic 
interpretabons for OU6 

Previously published interpretations of surface geology were used to assist in geologic 
mapping where possible Aenal photographs were also used to idenbfl geologic contacts, 
geomorphic features, historical changes in landscape, and the presence of past man-made 
features and actwines 

Surface geologic mapping w h i n  OU6 was performed during January 1994 Field mapping 
was performed using 1 3600 scale base maps Geological contacts were plotted onto base 
maps using standard field methods descnbed in Compton (1962) Field mapping to idenbfL 
groundwater discharge (seep) points within OU6 was petformed on January 5 and 6 1994 
Mapping of seep locations was performed t t s ~ ~ g  1 3600 scale base maps The extent and 
shape of vegetated areas associated wth groundwater seepage were recorded on base maps 
using methods similar to those used for gemlogtc mapping The results of the field mapping 
activities are discussgd in S m o n  3 5 

2 2 SUMMARY OF FIELD IIYVESTIGATIONS BY IHSS 

The Phase I field investrgation actwities completed in each of the 0116 IHSSs are described 
in this section The amvibes performed in each IHSS may have involved some or all of the 
four stages previously discussed in Section 2 1 For the purpose of  consistency the followng 
discussion insuntuns the stage numbering discussed in Secaon 2 1 . 

e Stage 1 - Review existing data 
Stage 2 - Conduct preliminary field surveys and screening actwibes 
Stage 3 - Conduct a sampling program for soil, sediment and surface water 
Stage 4 - Installation of groundwater monitoring wells and implementation of 

e 

e 

e 

a groundwater sampling program 
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The stage numbenng presented in the followng sectmns may not match stage number 1 
I 

assigned in the Work Plan for parhcular MSSs due to the use of thesequenaal numbennq 
method for the stages m the Work Plan 

I 

I i 

Unless othewse noted below, field actaviaes at each IfIsS y q e  conducted in sccordanc& 
wth the Work Plan andor MI Dewabons from the W 4. or TM1, r€ they occurre 
are reported in the dmusston h r  each IHSS i 

2 2 1 Sludge Disptrral Area (MSS 141) I 

The Sludge Dispersal Area (IHSS 141) IS apprp*ately 67,000 sq fi in mea! extent and 114 
along the eastern penmeter of the s e c u n ~ <  &a 9fRFET§ (Figure 2 2-1) A dstatle(d 
descnpbon of IHSS 141, including waste-&] * 

Invemgatton Stages 1 through 4 wen cunducted at A summary of the proposdd 
and completed Phase I inve-ga$ions &-RLss 141 is”presented OR TabIe22=1 bnd is 

* -- 

des, i s p r e s e n ~  In sectran 1 u I 
i = 

I 

I \ 
- . -  ‘t 
1% 

- xz 
discussed below I 4 ‘\--* 

. _ *  
% 

1 
Staee 1 - Review EXIS~I ns 

A rewew of the 1 ”aerial photographs provrded information on 
incidences of dud= outsflow* ”at IHSS 14 1, and was used to rewse the boundb 

---% I 

L a- 

for IHSS 141 (Rgure’Zil)  =‘ x \ 
. .t% 

‘- %-%* 
--=- 1‘4- 

&T /=-----\- . . 
Stage 2 -_Radratto n Suwews 

Prior to”cdiwon of sufice soil samples at IHSS 141 as part of Stage 3 (bscussed bcloy), 
a 17-point Fm)Lhpt&atwn survey was performed for each surface s a l  sample locdon (be  
surface sail samples were collected on a 25-foot gnd) As provtded for in TM 1, this s u ~ e y  

was performed as an alternabve to the germanium survey specified In the Work Plan No 
anomalous radiahon readings were detected in IHSS I41 dunng the FIDLER survey Detbls 
of the procedures for the 17-point XIDLER radiatmn survey are presented in the E d G s  
(EG&G 1991a) 
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In addition to the FIDLER radiation survey a germanium survey was conducted over 
IHSS 141 from April 22 to June 3, 1993 This survey was conducted after the Stage 3 soil 
sampling activihes were completed in IHSS 141 Figure 2 2-2 shows the survey points used 
for the germanium survey The germanium survey is briefly discussed in Sectron 2 1 2 1 and 
the results of the germanium survey are presented in Appendix B1 

Stage 3 - Surface Soil Samding 

The Work Plan specified that surface soil samples be collected to a depth of 5 cm (0 2 feet) 
on a 25-foot gnd spacing over IHSS 141 accordmg to the RFP method, descnbed in SOP 
GT08 Surface soil samples were also to be collected from areas of anomalous radiation 
readings located during the radiatron survey 

\ 

Surface soil samples were collected on a 25-fost grrd spacing, except in areas wth existing 
roads or buildings as specified in the Work Plan (Figure 2.2-1) Surface soil samples were 
collected using the procedures discussed in Seaon 2 1 3 2 A total of  40 surface soil samples 
were collected (Table 2 1-4) No surface sad samples were collected in gravel or asphalt- 
paved areas or beneath buildings 
during the FIDLER radiation survey, no additional surface soil samples were collected 

Since no anomalous radiation readings were detected 

Surface soil samples from IHSS 141 were analyzed for the parameters shown on Table 2 1-4 
and 2 1-5 Laboratory analyttcd resuits are presented in Appendix D1 and are discussed in 

Section 4 4 1 

Stage 4 - Monitoring Well Instalfanon. DeveloDment. and Samding 

One monitoring well, 75992 was installed to collect groundwater samples from the 
colluvium The monitoring well installation procedures are discussed in Section 2 1 4  1 
Monitoring well 75992, located east of the southeast comer of IHSS 141 (Figure 2 2-1), is 
in an apparent downgradient position relative to IHSS 141, based on a review of  
hydrogeologic conditions at the site Dunng the drilling of monitoring well 75992 colluvial 
material was encountered overlying claystone bedrock Colluvial m a t e d  lies wthin the 
same hydrostratigraphic unit as Rocky Flats Alluvium The colluvial/alluvial 
hydrostratigraphic relationship is discussed in detail in Section 3 6 of this report The well 
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encountered the top of bedrock at 10 feet and extends to a total depth of 15 5 feet The well 
is  screened in colluwal material from a depth of 5 feet to 10 feet. -Wdl utdlataon an 
development procedures are d~scussed in Seaons 2 1 4 1 and 2 1 4 2 Monitonng we1 

the bedrock unit underlytng the colluvium was not sandstone, aAqdmck monitcmsg well 
not installed at this locatron 

Well 75992 was rnibally a dry well followng install 
and sampled in 1994 

l 3  

installataon informabon is summanzed in Table 2 1-8 and p r d  ER Appencfix C2 1 $in I 

,7 r"s 
2s P 
* I  

I 
nce been developed 

a i 

I 
I 

b ?, 
e-- 

. I  ; I  

No alluvial matend was enaOwke# rF&e dnlhng of monitoring well tmnnk 

" 3  
,P ~ 

Dewatxons from the Wo rk P l a  
&- 
p a 't: % I  

0 

75992 
(Table 2 2-1) % -\* 

The monitonng we;;& ~&,@lbd and 1s screened in colluvru* 
! .- L 

' t  
=% 

I 
t 

2 2 2 A and BStrres Ponds (I&$&$ 9), W&i Pond (mSS 14 12), 

and Walnut Creek Drunsg&&-@SS) rl I 
I _- .r 

a, 
The A and B-Senes and W &I Pen& (Ikf$s'342 1-9 and 12) are located wthin the h u ? h  
Watnut Creek and North Waln? C M G k  (Figure 1 33) Dewled dtscnptaons oF$je 
pond IHSSs, including pond cap%i presdnted HT Secaons 1 3 2 3 through 1 3.2 5 

InvesQgaQon Stages 1, 3 and 4 -ye conducted for this IHSS group A summary of 
proposed and completed Phase fkvestigabons at IHSSs 142 1-9 and- 12 is  presented 0. 
Table Z,$l, and is discussed below ' 

Stage 1 - Rew& estmeData  

A review of the WETS site-wde surface water and sehmemt momtonng programs in b e  
Walnut Creek drarnages was performed to assess potentaal overlap wth the OU6 Phase I field 
program at IHSSs 142 1-9 and 12 Based on this rewew and consultrvtrons between E-G, 
DOE, CDH, and EPA, stream surface water and stream sedment sampling locaaons specifled 
in the Work Plan were replaced by exrstmg WETS monitortag program sampling Statl4ns 
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along the Walnut Creek drunages and the major tnbutanes to Walnut Creek (see TM1) 
Pond surface water and pond sediment sampling locatlons however, did not change from 
those stated in the Work Plan In additlon as specified in the Work Plan the report entitled 
"Trends in Rocky Flats Surface Water Monitonng" (DOE 1986c) and other data pertruning 
to the ponds were transmitted by DOE to the EPA and CDPHE 

Stage 3 - Surface Water and Sediment Samdes 

Surface water samples and wet sediment samples were collected from each of the four A- 

Series and five B-Senes Ponds, and the W&I Pond, BS summanzed in Table 2 2-2 and shown 
on Figures 2 2-3 through 2 2-12 In addition, dry sediment samples were also collected in 

the upstream areas for each of  the A and &Series Ponds Surface water and sediment 
sampling procedures are discussed in Secttons 2.1 3 2 and 2 1 3 3 

A total of 5 1 composite surface water samples were collected from the A and B-Senes Ponds, 
and the W&I Pond The composite sampte was collected through the enbre vemcal water 
column Five surface water samples were collected from each of  the ponds (50 total), wth 
one additional sample collected from the deepest part of  Pond B-2 (SW62892) At surface 
water site SW62892, a stratdied layer was detected at 4 5 feet therefore a sample was taken 
above and below the 4 5-foot depth Water sampling points at each pond shown on Figures 
2 2-3 through 2 2-12, were selected by the followng critena 

0 One composite sample collected from the deepest part o f  the pond 

0 One composite sample collected near the influent of  the pond 

0 One composite sample collected near the effluent of  the pond 

0 Two composite samples collected from randomly selected locabons in each 
pond 

A total of 57 wet sediment samples were collected from the A and B-Series Ponds and the 
W&I Pond One composite sediment sample was collected at each sampling site, unless the 
sediment thickness was greater than 2 feet in which case an additional sample was collected 
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below 2 feet The wet sediment samples were cdlected at five sampling points in each pond; 
as follows 

One or mor+ composite samples (depending on the depth of sdmient) from) 

9 I the deepest part of the pond 

One composite sample near the influent of+ 

4 
I . .  

- 3  I 

! 
0 One or more composite samples (d-g on sediment) fiod 

I 

FK 
4 "  . 3- 

each of the three randomly selectadtgeatrons m the po 
I - 

j x  

In addihon to the cornposited wet sedlrnepf dmpl~colleoted fur hboratoty mdysis, a 
separate set of  sediment samples were coil i d v e r b 4  intervds from the seciunent I 

core taken in the deepest part of each pon radiaon screen was performed 04 
these sedrment samples using a FIDLER The res &e gamma radmtmn screenin4 

we summartzed in Appendrx 335 .i 

The randomly selected pond surface *e~ sediment sunpttng lzrcatrons wete lacat J 
t 

using a random number g-n app& % -  t-llie first step in this approach was to estimate 
pond surface areas base&n&@neenng - -  &Fta or field mappng The -mated surfack 

area of each pond w& $hen gid-.,aS-foot by 5-foot gnd spacing, and a mi& 

numenc designation- w&,p d square The random sampling locafions we& 
o m  output from *e random number generatot 

(Figures 2 2-3 through 2 2-12) The first tw 
r both surf'water and sediment sampling 

=7 

I 
The thir~frandom site selected for each pond was only used for sediment sampling 

In addihon 8-&?twet '% "--? sehment samples, two dry sedrment samples were cQllected from the 
upstream areas of tpFh k a n d  B-Serits Pond The dry sediment sample locatrons (1 8 totd) 

% 

-=* 

a. 
are shown on Figures 2 2-3 through 2 2-1 1 I 

In addifion to surface water and sediment sampling wthin the pond IHSSs, stream surf* 

water and sediment sampling was also conducted in &e Walnut Creek drrunages (non-M$S 
areas) dunng two sampling events Dunng the first event In April 1993, one set of &&e 



water samples was collected to assess stream base flow conditions A second set of surface 
water samples was collected dunng a spring storm event on May 17 1993 to assess storm 
event conditions The stream sediment samples were collected in May 1993 Figure 2 2-13 
shows the sites where stream surface water and sediment samples were collected The stream 
sampling sites were jointly selected by DOE, EG&G, CDPHE and EPA as discussed in 

TM1 A majority of the sampling sites are existmg stations presently monitored under either 
storm water monitonng programs or the WETS site-wide monitonng program Survey 
coordinates for stream sampling sites are presented on Table 2 1-14, 

Pond and stream surface water and sediment sampling procedures are presented in 

Section 2 1 3 3 Sediment samples were lithologically logged using the USCS Dunng both 
stream surface water sampling events stream flow measurements were recorded for each 
station and are summanzed in Table 2 2-3 Pond and stream surface water and sediment 
samples submitted for laboratory analysis were analyzed for the analytes or analyte groups 
listed in Tables 2 1-4 and 2 1-5 Only stream surface water samples collected dunng the 
baseflow sampling event were analyzed for aquatic toxicity as speafied in DCN 93 01 of 
TMl The analytd data for surface water and sediment samples are presented in 

Appendix D4 and are discussed in Sections 4 7 and 4 8 

Deviations from TM1 

Deviations from TMl that occurred dumg the field acnvities are summarized in Table 2 2-1 
The deviations were 

As summarized in Table 2 2-3 several surface water sampling locations were 

dry therefore, these locations were not sampled as specified in TMl 

Stage 4 - Monitonm Well Installation. DeveloDment. and Sampling 

Two monitoring wells were installed, one each In IHSSs 142 4 and 142 9, to allow collection 
of groundwater samples downgradient of Ponds A-4 and B-5 respectively Monitonng wells 
75092 and 75292 were located at the base of  A-4 and B-5 pond dams respectively 
(Figures 2 2-6 and 2 2-1 1) 
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Dunng the dnlling of well 75092, a saturated sandstone/sikstone was encountered bdeath 
the alluvium at a depth o f  7 2 feet The well was completed as a bedrock welt to a total depd 

of I6 7 feet and screened B~CIOSS the sandstondsiltstone interval from 7 2 &et to 14 7 feeti 
Because eximng alluvial well 41091 was in close proxrmity to the dhvd well locab9 
specified in MI, it was decided that well 41091 wo q\leteq. meet the T M ~  
requirements for an altuvtal well to b installed b g r  

41091 l ies 150 feet noFthesst of we1215092 (Figure 2 
for well 41091 indicates that the well WIS dnlled to a 
across Rocky Flats AHuwum from a depth of 7 8 

i 
Well 75292 was dnlled screened i n  Rocky' Flafs 
Alluvium from 5 6 f a t  to 7 6 t underlying the dluvium wds 
not a sandstone, therefore, a bedrock mo sot installed at thts locdon Ih 
accordance wth TM1 n informatmn is s u m m a n d  dn 
Table 2 1-8 and presented in A 

f- 

! 

I 

I 

! 

Followng installanon and developm d 75292 groundwfer samples 4 e  

coIIected and analyzed fo on Tables 2 1-4 and 2 1-5 
Groundwater sampling proPsAqs arc d&m&d in Stctron 2 1 4 2 The analyt~cd results fpr 
these wells were not r w e i m r o m  RFED&v$h the data wndow betwe&t first quartdr, 
1991 through fourthj&&er, &99331nddh~dore, are not included in this report 

S I  

- ' 4  

-"- Deviation from TM1 -% 

-. , 
--"% -%. '* 

*- 

/̂--.._ %. 3 

h dl&i*fVeli w&not installed at a locatton near the base of the A 4  Pobd 
dam, as specified in TMI Emstmng wdl41091, which IS in close prcwmib, 
.was already present to monitor the alluwum (Table 2 2-1) 

- 

-L 

The Old Outfall Area (IHSS 143) IS located northwest of Building 771 (the laundry facility) 
w h i n  the PA (Figure 1 3-3, page 1 of 2) A detculed descnpha of IHSS 143, includng 
waste-related acfivittes IS presented in Sectton 1 3 2 6 

I 

I 



Investigation Stages 1 through 4 were conducted at IHSS 143 A summary of the proposed 
and completed Phase I investigations at IHSS 143 is presented on Table 2 2-1 and is 

discussed below 

Stage 1 - Review Existm Data 

Historical summaries of  IHSS 143 are provided in the Work Plan in the HRR, as well as 
Section 1 3 2 6 of  this report Examination of  aerial photopaphs (dated 8/1971, 1011975, 
611 980, and 5/1986) and a review of plant drawngs and reports from 1971 and 1973 indicate 
that the Old Outfall Area is located approximately 50 feet north of  the IHSS area identified 
in the HRR (Figure 2 2-14) The Old Outfall Area was located in the field dunng the Phase I 

investigation by measuring distances and beanngs from known landmarks (e g Building 771) 
idenhfied in the aerial photographs and plant drawngs 

Staee 2 - Radiation Survey 

Prior to intrusive activity at each sampling site at IHSS 143 during Stage 3 (discussed below), 
a 17-point FIDLER radiation survey was performed at each surface soil location and each soil 
boring location The survey was conducted in accordance wth the EMRGs (EG&G 1991a) 
No anomalous radiahon readrngs were detected during the survey Results from the surveyed 
sites are listed in Appendix B2 

Stage 3 - Surface Soil Samples and Soil Bonngs 

Soil borings were dnlled in the Old Outfall Area at selected locahons identified during the 
Stage 1 acttvities These soil borings were located by laying out a grid with 20-foot spacing 
and idenQfjmg grid points for drilling that were accessible and not blocked by above-ground 
and below-ground utilittes or other obstructions (e g , the PA secunty fence or paved access 
roads) A total of  six soil boring locations were dnlled in a cluster as a result of limited 
surface area free of obstruction in the Old Outfall Area One soil boring 77492 was later 
converted to an alluvial monitoring well and is discussed below In addition to the six 
borings in the Old Outfall Area, a seventh bonng (60692) was dnlled southwest of  the east 
culvert The boring locations are listed on Table 2 1-9 are shown on Figure 2 2-14 

2-23 

I 



I 

Four of the soil bonng sites were randomly selected for collecaon surface soils Thd 
surface soil sampling sites are shown in Figure 2 2-14 Surface soil sampling procedures arb 

I 

discussed in Sectton 2 1 3 2 i 

Up to 10 feet of fill covers the onginal soil sdace in the OlaoutfaJl Area, therefore sod 
bonngs were dnlled through the fill to the top of the pre- 

I 
I iocation a sample was collected from tfie interval frompe &Y of the pre-fill surface to 
' inches below the pre-fill surface and composite samples-we; 

At each soil bonn 

om the interval froq 
.'f ,, 

2 to 24 inches below the pre-fill surface One ad&& 

from the enbre fill sectton of bnag 60092 et b g  pro 
Secaon 2 1 3 1 

;-- 2" 

f*- 

I - I  

x 3- /-=? Dunng the dnlling of bonng 60292, a ~ s t h p J c  
0 feet to 2 feet for gram size analysis 

dlected fmm 11 depth interval +f 

f h - r +  - of the analysis are discussed in 
- \  1 SectIon 3 9 5 2 and presented on Table 3 5-3 -i 't, 

5- 2 _ -  
i 

Surface and subsurface soil s a m p l e k f r o h s  
in Tables 2 1-4 and 2 1-5 The analy&QIx 
are discussed in Sectrons $ a d  4 5 3 

analyzed for the paramete3 hst+d 

-tn Appendrxcs D1 and &, d d  
- 

-- '? - $ 

-e * -  

D# Plan: - 

e lling wthm IHSS 143 As discussed above, bash 
histoncal aenal photographs and site plans, the a d a l  

I Area is approximatdy 50 f&t north of the northdm 
boundary df IHSS 143 as defined in the HRR(D0E 1992b) The soil bondgs 
were dnlled in the OM Outfall Area 8s located from the rewew of histond 

+e6ate-pbot*aphs and plans and were lotsated in the field by msrsu+g 
d k q c & 4 n d  bemngs from existmg landmarks idmnfied on the a e h  

photogkwhs and plans 

. 

* -  

e The Work Plan specified that bonngs were to be drilled in IHSS 143 on a $0- 

foot gnd spacing except under buildings As discussed above, 
above-ground and below-ground utditres and other obstrucaons (e g the PA 
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fence and paved access roads) limited drilling in a number of the gnd points 
Therefore, soil borings were only dnlled where accessible 

a The Work Plan specified the placement of a boring east of the east culvert 
Due to underground ublities roadways and secunty fences the bonng was 
dnlled west of the east culvert 

Staee 4 - Monitonng Well 

One monitonng well 77492 was installed downgradrent of the Old Outfall Area to allow for 
collecnon of groundwater samples from the saturated alluvium (Figure 2 2-14) The well was 
installed in one of the Old Outfall Area soil bonngs dnlled to total depth of 24 1 feet and 
was screened in the Rocky Flats Alluvium across-a depth interval from 12 1 feet to 22 1 feet 
Well installation and development procedures are discussed in Sections 2 1 4 1 and 2 1 4 2 

Detads of the monitonng well construcbon are summanzed on Table 2 1-8 and are shown in 
Appendix C2 4 

Followng installation and development, groundwater samples were collected and analyzed 
for the parameters listed in Tables 2 1-4 and 2 1-5 Groundwater sampling procedures are 
discussed in Section 2 1 4 2 The analytical results are presented in Appendix D3 and are 
discussed in Section 4 6 2 6 

2 2 4 Soil Dump Area (IHSS 156 2) 

The Soil Dump Area (IHSS 156 2) is located on the west end of the interfluve that separates 
North Walnut Creek and South Walnut Creek in the vicinity of the A and B-Series Ponds 
(Figure 2 2-13) The buffer zone access road to the A and B-Series Ponds is located in the 
western portion of IHSS 156 2 A detailed description of IHSS 156 2 including waste-related 
activities is presented in Secnon 1 3 2 7 

Investigation Stages 1 through 4 were conducted at IHSS 156 2 A summary of the proposed 
and completed Phase I investigations at IHSS 156 2 is presented on Table 2 2-1, and is 

discussed below 
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I 
A review of aenal photographs (dated 8/6/71 and 10/5/83) showed the fill materr& a4 
IHSS 1562 were placed sometime between 1971 and 1983, and that the area of fill W ~ Q  

somewhat larger than the prewwsly Befined boundmes hr IHSN56 c -  2 Figurc 2 2-15 shod 
the identrfied boundmes for IHSS 156 2 based on the HRRrnE 1 9 2 b )  I 

1 

Pnor to collectxon of surface and subs\rrface sd)maples at I H S  
(discussed below), a 13-point FIDLER tadtatrod q#kvey was psrfonned for each surface soil, 
soil boring, and monitonng well l o d o n  NOJ&IO~OUS rdatron readings were detecteb 
in IHSS 156 2 dunng the FIDL IsA=of the pmceciures far the 17-poitit 

(EG&G 1991a) Radishon sum@ FIDLER radiatron survey are presented in th 
results are listed in Appendix 32 

In addition to the FIDLER rdiqon survey was conducted ovef M$ 
156 2 from ApnI 22 to June 3, 1 conducted after the Stage13 sqil 
sampling activitres were cpqdeted in IHSS Ib6 2 Figure 2 2-2 shows the radiatron rurv@ 
points used for the gerphGiib~uwey Thk pkedurw used for the germanium survey &e t 

presented in Sectro& f”2 1 ,  p d d E o f  the germanium survey are contamed in 
Appendix B 1 Based owepurv no additional radiation investlgatron was &quir$ 
as stated in the W o r i k - - ( D O E  \ -  1992a) 

Devlanons f r h  TM 1 .  

during Stage 
+ <  

S I  

I 

! 

-P- --\\ 1. - 
’ a  2 I L/’--h - 

! 
-r I 

e ’-She FIDLER survey was conducted pnor to intrusive actwihes related to 
qukqe&I -%- ~ sampling and dnlling soil bonngs The germanium survey was 

peifor;med after the field sampling, on Apnf 22 through June 3, lq93 
(Table 2 2-1) 
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Staee 3 - Surface Soil Samples and Soil Bonnns 

Surface soil samples were collected on a 150-foot gnd spacing over the Soil Dump Area 
(Figure 2 2-15) A total of 22 surface soil samples were collected to a depth of 2 inches 
No samples were collected in gravel or asphalt-paved areas Surface soil sampling procedures 
are discussed in Section 2 1 3 2 

A total o f  22 soil bonngs were drilled on the same 150-foot gnd used for the surface soil 
sampling (Figure 2 2-15) Subsurface soil s w m g  procedures are discussed in 

Section 2 1 3 1 The soil bonngs were dnlled to a depth of  three feet into the undisturbed 
soil beneath the fill surface Samples were taken contmuously in these soil bonngs and were 
composited from each 6-foot interval in the fill material Where the fill matenal was less 
than 6 feet thick, the entire fill interval was composlted In addition a 3-foot composite was 
taken of  the undisturbed soil underlying the filt surfiece in each soil bonng 

Two soil samples were collected from a depth interval of 0 feet to 2 feet in borings 73992 
and 74192 for gram size analysis Resutts of the gram size analyses are discussed in 
Section 3 9 6 2 and presented on Table 3 5-3 

Surface and subsurface soil samples collected from IHSS 156 2 were analyzed for the 
parameters listed in Tables 2 1-4 and 2 1-5 Analybcal results are presented in 
Appendixes D1 and D2, and discussed in Sections 4 4 3 1 and 4 5 4 1 

Deviations from Work Plan 

e No samples were collected in gravel or asphalt-paved areas (Table 2 2-1) 

Stage 4 - Monitonng Well 

One monitoring well 75892 was installed in the western half of  IHSS 156 2 for collection 
of  groundwater samples from the saturated alluvium (Figure 2 2-15) The boring for well 
installation was drilled into bedrock to a total depth of 14 6 feet The well was screened in 

the Rocky Flats Alluvium across a depth interval of  4 3 feet to 7 3 feet Since no sandstone 
unit was encountered In the bedrock underlying the alluvium a bedrock monitoring well was 
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not installed at this locrrtlon Monitonrig well instalfatson procedms ~ d ~ s c u s s s d  id 
Section 2 1 4 1 Monitonng well construmon informatron is summaw@ on Table 2 1-8 and 

I 
presented in Appendix C2 5 

As of the 4th quarter 1994, well 75892 remained dry and has 

+ I  

i a 

Y d  been dWd0Pd- 
-3 

" 

2 2.5 Tnangle Area (MSS 165) --2 i. 

The Tnangle Area (IHSS 165) IS located in 
* -1 

1 
4 

s m e& *&, 
Solar Evaporaaon Ponds (Figures 1 35, pag 
including waste-related actmkes, is  p s m t e d ~  

Investrgrrtron Stages 1 dtrough 4 were con& 
and completed Phase1 inveagmom at 
discussed below --, \* 

on of MSS 16 

- <  

s %  -A+*- 

M S  165 A summary of the Propos 

.16&,p presented m'Table 22-1, m d  is I 

"\-% "1, I ,  ! - * -- 

Stape 1 - Review Aenal Photo- 
*: 'r , - 

7 . .  

Aenal photographs from 1913,[964, 19-69 I971 and 1983, were reviewed to evaluate the 

extent of the drum stoa- - . '  14 the wcfrut$o€ MSS 165 The 1971 aenal photogtaIih 

shows equrpment stowe*to the we&&h&onpna) IHSS 165 boundrrry The rewsed M$S 
boundary identdied in &e b) was expanded to the west to incorporate qts 
storage area Figurs=&2$; through x- 2 2-18 show the revised HRR boundmes for IHSS 1 8  

Reports qUOr &cm-&ts Conckdg rarfiometrrc surveys cdnducted w h i n  the Tfiangk Arb  
between 1975 and 1983 were transmitted by DOE to the EPA and CDPHE, as specified by 
the W0"rkPlim. 

-- 
=_ _/" ----_ 

--> 

\ 

Pnor to collecaon of surface and subsurface soif samples at WSS 165 dunng Stag# 3 
(hscussed below), a 17-point FIDLER radiatmn survey was perfomed for each locrt~on! to 
be sampled No anomalous radiabon readings were detected in iHSS 165 dunng the FI'DVR 

i 



survey Details of  the procedures for the 17-point FIDLER radiation survey are presented in 

the EMRGs (EG&G 1991a) Radiation survey results are presented in Appendix B2 

In addition to the FIDLER radiatlon surveys a germanium survey was conducted from 
Apnl 22 to June 3, 1993 over the portion of IHSS 165 outside the PA This survey was 
conducted after the Stage 3 soil sampling activities were completed in IHSS 165 
Figure 2 2-2 shows the radiation survey points used for the germanium survey The 
procedures used for the germanium survey are presented in Section 2 1 2 1 The results of 
the germanium survey are contsuned in Appendix B1 Based on the survey results, no 
additional radiation investigation was required as stated in the Work Plan (DOE 1992a) 

A real-time soil gas survey was conducted October 9-21, 1992 over the Tnangle Area 
(Figure 2 2-16) to evaluate the presence or absence of VOCs Soil gas survey sites were lad 
out using an approximate 100-foot grid spacing as specified in the Work Plan However a 
number of  the site locatlons had to be adjusted because of  the presence of  large amounts of  
construction debris and equipment stockpiled MI IHSS 165 inside the PA In addition, two 
sites could not be sampled because they were obstructed by the PA decontaminatlon pad 

A total of 3 1 survey sites were sampled dunng the soil gas survey The results for all survey 
sites were below the detecbon limit wth the exceptlon of  one site (SGS70392) along the 
western boundary of IHSS 165 which had a detechon of  carbon tetrachloride (CCI,) at 8 0 

micrograms per liter (&l) The soil gas sampling and analytical procedures are discussed 
in Section 2 1 2 2 Data from the soil gas survey are presented in Appendix B3 

Deviations from TM1 and Work Plan 

The followng deviations from TM1 occurred dunng the Stage 2 activities at IHSS 165 

e The FIDLER survey (conducted to replace the germanium survey) was 
performed on an approximate spacing of 40 feet rather than the 25-foot 
spacing specified in TMl However, the germanium survey was conducted 
April 22 through June 3 1993 
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e A total of 31 soil gas samples were collected and analyzed instead of the 561 
specified in the Work Plan Because of the irregular tna~gular shape of IHSS' 
165, the actual number o f  1 00-foot spaced gnd points tha? fall Whin or 'near! 
the boundmes of the IHSS is about 31 Two gnd p i n t s  wthin the MSS; 
were obstructed by the PA decontamination p d f 4  could not be sample& 
were replaced by two points outslde of the @5jSaboundory (SGS69792 and 

- r 7  i 
SGS71692) ! 

1 

Fifteen surface soil sampling sites were rando =q- &ted -- from the soil gas gnd loc&nsI 
The 100-foot spaced soil gas gnd was used for the sw&bSoil - *  samplrng instead of the 70; 

70392, a sampl$ 
I 

0 The SGS gnd spacing WBS not reducedhh area 
site wth a CCl, detecbon of 8 pgLIcN; 

, , -  
I ' Z  

I foot spaced gnd specified in TM{ sence"%f large amounts of  constnrcaon 
debns and stockpiled rnatenal in 

impossible The surface soil sun m native soil or fill matend If 
gravel was present at the SJ&U+ 

procedures are d i s c u w  ijfS?sbC)n 2.1 3 f- b e  SIfCface soil sampling sites are listed 01) 

f 

f 

made sampling on a 7O-foat gn 

sampling Surface soil &1in 

results o f  the sstt ~ & - ~ e y ~ E i g u h e 2  -% 2-18) The soil cores were collected at the same dep6 
as the as&ia&?d soil  gk b p i & -  'Soil conng procedures are discussed in Semon 2 1 3 li 

--- 

Althoughglumes were n~ identified, nine soil bonngs were dnlled wthin the survey 4nd tp 
a depth of three feamts  weathered bedrock (Figure 2 2-1 8) The bonng depths rang4 fro+ 
12 0 feet to 23 8 &et e each bonng, discrete samples for VOC analyses were colleccd Qt 
%foot increments and-composite samples for SVOC, metal, and radmuclide analyses wede 
collected at 6-foot intervals i 

! 1 .  



During the drilling of  boring 72292, a soil sample was collected from a depth interval of 
0 feet to 2 feet for grain size analysis Grain size analysis results are discussed in 

Secbon 3 9 7 2 and presented on Table 3 5-3 

One stream sediment sample was collected near surface water stabon SW-OglB, as shown 
on Figure 2 2-13 Stream sehment sampling procedures are discussed in Sectton 2 1 3 3 

Additionally a soil profile pit was excavated descnbed and sampled in the eastern pomon 
of  IHSS 165, as shown on Figure 2 2-17 Soil samples were collected in  accordance wth 
SOP GT07 

Surface soil samples, soil core samples, and subsurface soil samples from bonngs were 
analyzed for the parameters listed in Tables 2.1-4 and 2 1-5 The analytical results are 
reported in Appendixes D1 and D2 and are discussed in Sections 4 4 4 2 and 4 5 5 2 

Deviations from the Work Plan 

e Bonng 72892 was specifiedm the Work Plan to be drilled 3 feet into bedrock 
At 12 4 feet, 1-43 feet into bedrock, the drill rig encountered refusal and could 
not contmue through the next 1 2  feet to reach the 3-fOOt requirement The 
boring was completed at the 12 4 foot depth 

Stage 4 - MonitonnP Wells 

Two monitoring wells, 76192 and 76292 were installed to allow collection of  groundwater 
samples wthin IHSS 165 (Figure 2 2-18) Monitonng well 76192 was installed east of  the 
PA security fence area and was screened in the Rocky Flats Alluvium across a depth interval 
of  4 feet to 6 feet The second well 76292 was installed inside the PA The Work Plan 
called for the borehole for this well to be dnlled 20 feet into bedrock and the well to be 
completed as an alluvial well If a sandstone was encountered in the bedrock a second well 
was to be installed to monitor the bedrock When the borehole for 76292 was drilled, it 
extended to a depth of  about 20 feet and extended approximately 12 feet into bedrock, where 
sandstone was encountered Because a sandstone was encountered, the borehole was 
completed as a sandstone bedrock monitoring well screened across a depth interval of about 



9 feet to 19 feet This screened interval included most of a moist SIUtdSQgne interval from 8 5 
feet to 13 6 feet observed dunng ddling of the borehole An alluvd molutmng well was 

not installed at this Iocabon because exrshng monitonng well 2986 I- appmmmatdy loo( 
feet south of well 76292 (Figure 2 2-18) Well 2986 was &lied to a &tal depth of 22 5 fee{ 
dunng a previous rnvesfa,@on and is screened thro 
to 8 8 feet This well sat~sfted the reqrurements 
in the Work Plan Monrtonng well installation pmced 
Monitonng well CORS~IW~OSI detruls are sum 
Appendix C2 6 I 

Followng installanon and development, g 

monitonng wells and were analyzed b 
analyt~cal results are reported in Appen scussB6 in Section 4 6 2 4  

northern part of OU6, south of ure 13-3, page 1 of 2) 

- =  - j Secnon 1 3 2 9 

Invesngation Stages 1 through 4- A summary of 9 
proposed and completed Phase I inveshgations at lHSSs 166 1-3 are presented on Table 2 2-h, 

i ----.- 
X I  

------ 
ducted at IHSSs 166 1-3 
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Stape 2 - GeoDhvsical Survey 

An EM-31 survey was conducted from October 5 through 14 1992 in the area of 
IHSSs 166 1 166 2 and 166 3 to help delineate the locations of  suspected bund trenches 
identified dunng aenal photo review A discussion of the EM survey method and field 
program is presented in Appendix B4 1 ,  and the conductivity contour maps are presented in 

Appendix B4  2 

Two EM survey grids were established to include each ofthe trenches within the IHSSs The 
larger grid (Grid A) to the west covers all of  the suspected trench Iocanons except the 
easternmost trench in IHSS 166 3, which is covered wth Gnd B Over each gnd area, EM 
data were collected in both the vertical and honzontal dipole modes using a 10-foot gnd 
station spacing The two modes of  operation prowded for penetrahon depths of  9 feet and 
18 feet, respectively All of  the EM data were plotted and contoured using a computer 
software package that allows for color-enhanced output. The interpretanon o f  the EM results 
(Appendix B4) in conjunction wth field observaoons facilitated the placement o f  soil bonngs 
wthin the suspected trenches, thus allowng s a m p h ~  of  buried trench matenals, i f  present 
Several of  the anomalous conductivity zones identified were interpreted to define areas of  
suspected trenching acnvity 

Prior to collection of  subsurface soli samples at IHSSs 166 1-3, dunng Stage 3 (discussed 
below) a 17-point FIDLER radration mey was performed for each soil bonng location 
No anomalous radiation readings were detected in IHSS 166 1-3 dunng the FIDLER survey 
Details of the procedures for the 17-point FIDLER radiabon survey are presented in the 

EMRGs (EG&G 1991a) Radiation survey results are listed in Appendix B2 

Stape 3 - Soil Borinps 

Based on the results of aenal photo review and the geophysical study a total o f  26 bonngs 
were drilled in the trenches along the approximate trench axes at roughly 25-foot intervals 
as shown in Figure 2 2-19 The borings were terminated 5 feet below the bottom o f  each 
trench Eight borings were drilled in Trench A seven borings drilled in Trench B and six 
and five in the western and eastern components of Trench C respectively Subsequent to 
drilling the eastern portion of  Trench C the IHSS location was revised and relocated south 

I 
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1 

and sampled in 1994 

Deviafions frbq h.Yark  Plan 
. 'c- 

,, 

67692, and 68692, for gram size d y s i s  Results of 
Secfion 3 9 8 2 and presented on Table 3 5-3 Sub 
were analyzed for the parameters listed in Tables 

ai* arb d l s c d  1 

= from MSSs 166 I-? 

Y b d  ~~~~ my 
i 

I 
! I  

i reported in Appandtx D2 and are chscussed in Sect~oM 5 1 
L 

"b 

f I 
Staee 4 - Mon itonnn We lh I 2 

r L i 
- a  

Monitonng well 77392 was installed I l b o ~ ; - 3 W $  ?. &st of the easternmost sod bonng 14 
Trench B (Figure 2 2-19) 2 was drilled to a total d e  Of 

d northeast of the eastemmop soli i 13 8 feet, and was screened in the 
6 9 feet Monitonng well 76992 

6992 was drrlled to a total d&h f bonng in the eastern Trench C Th 
15 5 feet, and was screened in the Rocky 'hts Alluvium over a depth interval of 3 4 kt 
9 4 feet Since no san&~p encoqtek in the bedrock underlying the d l u w m  
either location, no bedg&-%hptpnng wekbere ? +  installed Monitonng well i d a h  , 

The borehole forb11 

1 
c t  

fl 

d 2  

Monito>ng wells 77392 and 76992 were installed about 300 feet east and YO 
feet northeast from the easternmost bonngs in Trenches B and C, respe$twely 
instead of in the easternmost bonng of Trench B and immediately ngrth /of 
Trench C, as specified in the Work Plan Based on a field reconnaiss&e 

I 

- 1  
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prior to drilling the wells were placed in more favorable downgradient 
locations 

2 2 7 North and South Spray Field Areas (IHSSs 167 1 and 1673)  

The North Spray Field Area (IHSS 167 1) is located on the ndge north o f  the Landfill Pond 
and is bounded on the northwest by the McKay Bypass Canal (Figure 1 3-3 page 1 of 2) 
Two drainages to the unnamed tnbutary of Walnut Creek mark the northeast and southeast 
boundaries of  the IHSS The South Spray Field Area (IHSS 167 3)  is sltuated on the ndge 
due south of  the Landfill Pond, on the northwest comer of the intersection of the ridge access 
road and the Landfill Pond access road (Figure 1 3-3 page 1 o f  2) The Pond Spray Field 
Area (IHSS 167 2) was included in the OU6 Phase I field invesfigafions however, this IHSS 
was subsequently moved to OU7 for characterizatmn and evaluahon, and wll be addressed 
in the OU7 RFI/RI Report Figure 13-3  page 1 of 2 shows the histoncal and revised 
boundaries for IHSS 167 2 Detailed descripnons of IHSSs 167 1 and 167 3 including waste- 
related activities are presented in Section 1 3 2 10 

Investigation Stages 1 through 4 were conducted at IHSSs 167 1 and 167 3 A summary of  
the proposed and completed Phase I investigafions at IHSSs 167 1 and 167 3 are presented 
on Table 2 2-1, and are discussed below 

Staye 1 - Review Aenal Photomaphs 

Aerial photographs from 1980 and 1983 were reviewed to evaluate locaoons of the spray 
fields The North Spray Field (MSS 167 1) was not observed to be in use on any of  the 
photographs The area in the vicinity of the South Spray Field (IHSS 167 3) was observed 
to have a round, darker-colored shape that may have been a center pivot sprinkler Sampling 
locations at IHSS 167 1 were based on the IHSS boundanes whereas the sampling locations 
at IHSS 167 3 were based on the spray field area visible on the photographs Soil and 
groundwater sampling locaaons for IHSSs 167 1 and 167 3 are shown on Figures 2 2-20 
and 2 2-21 respectively 

2-3 5 



Staee 2 - Radiahon Survcvs 

on a 100-foot gnd over the areas of the spray 
conducted m S 

. depth of 4 feet on the 

bonngs were to be taken conbnuousty and 
sampling, a soil classrfrcaaon surv 
Ecologic fisk Assessment 

Surface soil samples were collecte 
(Figures 2 2-20 and 2 2-2 
167 1 and 1673, 
discussed in Secb I 

A total of 30 soil b o n i  w&e dnlted on the same 100-foot gnd used for the surface qtl 
sampling (Fijgm%724W anX4 2WJ Subsurface soil sampling procedures are discussed ;in 

fBU-1 Secbon 2 1  fl 3 1 Bonne'were%*Mled to 4 feet Samples were &en conhnuously in the 
bonngsmd were cornposted from Qach 2-foot interval for VOC analysis 

-mated from the aerial photo review 
were to be dnlled to 1 

ce wdt SOP GT 02 Samples in t$e 
2-foot interval E)..+ 

&e Spray Fields far use i n  &e 

1 
i 

acing as specified in the Work Pl& 
11 sampla~ were CoiIected at IHS$S 

collected using the proceduF 
I 

.. "i, - 
. %  I 

I 

- i 

l 1 e -  
I 

A 17-point FIDLER radiahon survey was performed pnor to sampling each surface soil 
soil bonng locabon as part of Stage 3 (discussed below), in accordancemth EMRGS (E& 

r 199 1 a) No anomalous radiation readings were detected dunnpae FIDLER survey Resul 
/ p '  

I of the radration survey arc prowded in Appendtx B2 
I 

i 
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SOP GT 07 Two stream sediment samples and one addibonal surface water sample specified 
in the Work Plan were omitted as defined in TMl 

Surface and subsurface soil samples from IHSSs 167 1 and 167 3 were analyzed for the 
parameters listed in Tables 2 1-4 and 2 1-5 Analybcal results of the sampling are presented 
in Appendixes D1 and D2 and are discussed in Sections 4 4 1 and 4 5 2 

Deviations from the Work Plan 

One soil bonng was not drilled at a surface soil site (SS600892) at IHSS 
167 1,  as specified in the Work Plan The steep terram resulted in dnll ng 
inaccessibility therefore the soil bonng was omitted at this site 

Stage 4 - Monitoriner Wells 

The Work Plan specified two monitonng wetts were to be installed immediately downgradient 
o f  the North and South Spray Fields These wdls were to be located wthin the surface 
drainages that flow toward North Walnut Creek If a water bearing sandstone unit was found 
to be the first bedrock unit underlying the alluvium an additional well was to be completed 
in the weathered sandstone unit at that locaaon 

Monitoring well 77192 was instatled at the east end o f  the North Spray Field Area 
(IHSS 167 1 )  in the confluence o f  the unnamed tributanes north o f  North Walnut Creek 
(Figure 2 2-20) Dunng the drilling o f  monitonng well 77192, colluvial material was 

encountered overlying the claystune bedrock Colluvial matenal lies wthin the same 
hydrostratigraphic unit as Rocky Flats Alluvium The colluviallalluvial hydrostratlgraphic 
relationship is discussed in detad in Section 3 6 2 o f  this report This well reached a total 
depth o f  1 1  9 feet, and was screened in colluvium over a depth interval of 2 9 feet to 5 9 feet 
Monitoring well 76792 was dnlled south of  IHSS 167 3, in the drunage that flows toward 
the unnamed Tributary north o f  North Walnut Creek (Figure 2 2-21) The well reached a 
total depth o f  12 2 feet and was screened in the Rocky Flats Alluvium over a depth interval 
o f  3 5 feet to 5 8 feet No sandstone unit was encountered in the bedrock underlying the 
alluvium therefore no bedrock monitonng wells were dnlled at either location Monitoring 
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well installanon procedures are discussed in S a o n  2 I 4  1 Wdl construmon informabo~ 
is summanzed on Table 2 1-8 and presented in Appendrxes C2 10 a d  C2 12 

As of the 4th quarter 1994, monitonng wells 77192 and 76792 renrcuned dry and have nc 
been developed -. 

2 -2 

/* 8 
I f 

Dewabons from the Work Plan , 

:=% - 

0 nng well 7’119: No alluwal matenal was encomb 
and the well was screened in coll 

Soil bonng 62892 (IHSS 1676) encoyered refusal at 3 8 feet and was h a b  

to be dniled to 4 0 feet -- 1- 
% 

‘s, F _’ 

e 
t 

-% 

e Soil bomg 61 592 steep tenan Prohibited e11 I 

er 600892 was collected at tt access However, s 

locabon .t 

6 

1 - _  I 
-b 

Invesbgabon Stagel  &ough 4 were conducted at IHSS 216 1 A summary of  the propoJFd 
and completed Phase I invmgaons at IHSS 216 1 is presented on Table 2 2-1, and is 

-%- 

discussed below 



Stape 1 - Historical Data 

Historical information regarding the use of the East Spray Field Area was included in the 
Work Plan and in the HRR (DOE 1992b) 

Stage 2 - Radiation Survey 

Prior to collection of  surface 
(discussed below), a 17-point 

and subsurface soil samples at IHSS 216 1 dunng Stage 3 

FIDLER radiation survey was coducted at each sampling 
location No anomalous radiabon readings were detected in IHSS 216 1 dunng the FIDLER 
survey Results o f  the radiation survey are presented in Appendix B 2  

Stage 3 - Surface Soil SamDles. Soil Profile Pit. and Soil Bonnns 

Surface soil samples were collected on a 200-hot grid spacing over IHSS 216 1 
(Figure 2 2-22) A total of  six surface sod samples were collected to a depth o f  2 inches 

Additionally a soil profile pit was excavated descnbed and sampled in the northwestern 
portion of  IHSS 216 1 as shown on Figure 2 2-22 Soil samples were collected in 
accordance wth SOP GT 07 

A total of  six soil borings were drilted on the same 200-foot gnd used for the surface soil 
sampling (Figure 2 2-22) The soil borings were drilled to a depth of  approximately four feet 
Samples were taken continuously m these soil bonngs and were composited from each 2-foot 
interval 

Surface and subsurface soil samples form IHSS 216 1 were analyzed for the parameters listed 
in Tables 2 1-4 and 2 1-5 Analytical results of the sampling are presented in Appendixes D1 
and D2 and are drscussed in Section 4 4 3 2 and 4 5 4 2 

Starre 4 - Monitoring Well 

Since no contamination was detected during the field sampling it was not necessary to install 
an alluvial monitoring well wthin this IHSS 

(4047 910-0025 521~'2)(9~M5 9 33 mXI) 2-3 9 
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2.3 ECOLOGICAL RISK ASSESSMENT INVESTIGATION 

Secbon 9 of the Work Plan, Ecolog~cal fisk Assessment was destgned to decnbe thc 
requirements for carrying out an ecological nsk assessment (ERA) Tho m i t d  field samplinl 

' plan (FSP) was intended for screening purposes and baseli 

= /  i --- %-= L - 
-1 1- 

pond sehment results \ b >  

! 

In October of 1994, the approach to ERAS for from an OU-basad approach 
To accompbsh this, a sst to a watershed approach for Wo 

wde ERA methodology was draft& e regulatory agencies As a result, 
the scope of the Walnut 6 and OU7 to include parts ofOU2, 

OU4 outside of the Rote ea, rndQVll The mo&fied field sampling plans for t? 

OUs encompassed by tk-hed ERAs$e)ocated in App~ndrx F and are not dupEcatqd 

4 

& 
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TABLE 2 1-1 
SUMMARY OF OU6 PHASE I FIELD ACTIVITIES 

IHSS NUMBER ACTIVITY TYPE QUANTITY 

IHSS 141 
Sludge Dispersal Area 

IHSSs 142 1 9 and 142 12 
A and B Series Ponds and 
W&I Pond 

Radiation Survey (17 point FIDLER) 
Radiatlon Survey (HPGe) 
Surface Soil Sampling 
Monitonng Well (colluvial) 

Pond Surface Water Sampling 
Pond Sediment Sampling 
Dry Sediment Sampling 
B 5 Monitonng Well (alluvial) 
A 4  Monitonng Well (bedrock) 

Walnut Creek Drainage 
Stream Sediment Sampling (baseflow) 
Stream Surface Water Sampling (storm event) 

IHSS 143 
Old Outfall Area 

IHSS 156 2 
Soil Dump Area 

IHSS 165 
Tnangle Area 

Radianon Survev ( 17 p n t  FIDLER) 
Surface Soil Sampling 
Soil Baing 
Monitonng Well (alluvial) 
Soil Classification Survey 
(gram size sieve analysis) 

Radlauon Survey (17 point FIDLER) 
Radianon Survey (HPGe) 
Surface Soil Sampling 
Soil Bonng 
Monitonng Weft (alluvial) 
Soil Classificatlon Survey 
(gram size sieve analysis) 

Radiation Survey (17 point FIDLER) 
Radiation Survey (HPGe) 
Soil Bonng 
Surface Soil Sampling 
Soil Gas Survey 
Soil Classification Survey 
(grain size sieve analysis) 
Soil Core Sampling 
Sediment Sampling 
Monitoring Well (alluvial) 
Monitonng Well (bedrock) 
Soil Profile Pit (60092) 

40 
1 

40 
1 

51 
57 
18 
1 
1 

11 
15 
8 

7 
4 
7 
1 
1 

23 
1 

22 
22 
1 
2 

32 
1 
9 
15 
31 
1 

4 
1 
1 
1 
1 
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TABLE 2 1-1 I 

SUMMARY OF OU6 PHASE I FIELD ACTIV]PIIES 

MSSNUMBER ACTM'NTYPE QUANTITY L 

IHSSs 166 1 through 166 3 
Trenches A B & C 

IHSSs 167 1 and 167 3 
North Spray F d d  and 
South Spray Field Areas 

IHSS 216 1 
East Spray Field Area 

Radiauon Survey (1 7-point rn-1 
Gaophyslcal EM Survey 

Soil Class~ficauon Survey 
j 2 -  

Monmnng Well (alluvial) / ' --.. 
Radiahon Survey (17-pnt 

Soil Bonng "fi* 

(gram size sieve analysis) P 

- j .  

Surface Sdgl Sampling A sol1 Bmng i -  

So11 Ctassrticatlon Supeyj 

*\' 't ~ . 
rn 

. a I 

s -  
Y- % . 

I 

28 
1 

26 
3 

2 

33 
31 
30 
4 

1 
1 
1 

6 
6 
1 

f 
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TABLE 2 1-2 
SUMMARY OF STANDARD OPERATING PROCEDURES 

USED IN THE OU-6 RFYRI FIELD INVESTIGATION 

FO 01 

FO 02 

FO 03 

FO 04 

FO 06 

FO 07 

FO 08 

FO 09 

FO 10 

FO 1 1  

FO 12 

FO 13 

FO 14 

FO 15 

FO 16 

FO 18 

GT 01 

GT 02 

GT 05 

GT 06 

GT 07 

GT 08 

GT 09 

GT 10 

GT 1 1  

GT 17 

GW 02 

GW 04 

Air Monitonng and Dust Control 

Field Document Control 

General Equipment Decontamination 

Heavy Equipment Decontamination 

Handling o f  Personal Protective Equipment 

Handling o f  Decontamination Water and Wash Water 

Handling of h l l i n g  Fluids and Cuttnrgs 

Handling o f  Residual Samples 

Receiving Labeling and Handhag Environmental Matenal Containers 

Field Communications 

Decontaminatian Facrlity Operatneas 

Contamenzation Preserving Handtmg and Shipping of Soil and Water Samples 

Field Data Management 

Photoionizatton Detectors (PIDs) and Flame Ionization Detectors (FIDs) 

Field Radiological Measurement FIDLER surveys 

Environmental Saqlple Radioactivity Content Screening 

togging Alluvial and Bedrock Matenal 

Dnlling and Sampling Using Hollow Stem Auger Techniques 

Piuggrng and Abandonment o f  Boreholes 

Monitoring Wells and Piezometers Installation 

Logging and Sampling of Test Pits and Trenches 

Surface Soil Sampling 

Soil Gas Sampling and Field Analysis 

Borehole Cleanng 

Plugging and Abandonment o f  Wells 

Land Surveying 

Well Development 

Slug Testing 

\ 
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TABLE 2 1-2 

USED IN THE OU-6 RFVRI FIELD IWESTIGAmN 
SUMMABY OF STANDARD OPEMTMG PROCEDURES 

GW06 Well Samplmg 

sw 01 

sw 02 

SW 03 

SW 04 Lhscharge Measurement ~~ _ e  - 

Surface Water Data Collectton Actiwtid* a + /  

Field Measurements of Surface Watd F d d  P V. 't 
i- -. 

I -  Surface Water Sampling \ 

- 2  -- i 

sw06 S e b e n t S a m p l ~  ~ PI 
_- J > 
-=- i sw os Pond Samplmg '2.i =- %% - f 

I 

1 
! 
! 

I 
, I  

I - % %  
'' i 

; !  



TABLE 2 1-3 
LIST OF DCNS TO THE OU-6 RFYRI WORK PLAN 
AND TM1 IMPLEMENTED IN PERFORMING TBE 

PHASE I FIELD WORK 

work Plan 
S m o n  No Title Date 

\ 

S m o n  2 0 SITE CHARACTERIZATION 
DCN 92 01 Replacement of tables wth correct tables 6/1/92 
DCN 93 01 Site CharactermUon 1/29/93 

S m o n  7 0 

DCN 93 01 
DCN 93 02 
DCN 93 03 

FIELD SAMPLING PLAN 
Change to 7 2 5 
IHSS Map Figure 7 5, Table 7-1 
Revlsion to 7 2 3 

DCN 93 04 Change to sentence 7 25, stage 4 

S m o n  10 0 

DCN 92 01 
DCN 93 01 
DCN 93 01 

QUALITY ASSURANCE ADDENDUM 
Change in QC Frequency 
M M c a t w  to agree wth Secuon 7 0 

Replacement dfirst two sentences page 12 3 2 1 

1/18/93 
1/29/93 
2/5/93 

8130193 

1015192 
2/21/93 
2/21/93 

TABLE 2 FELD QC SAMPLE COLLECTION FREQUENCY 
Change on page 17 of41 Table 2 (Field Blank DCN 92 01 

and Tnp Blank) 10/5/92 

ADDendrces TECHNICAL, MEMOIWNDUM #I 

DCN 93 01 Appenhx H 5 0 paragraph 1 

OPS s w 2  
DCN 93 01 page 12 5 6 ( A k d i ~ t ~ d p H  measurements) 

8130193 

511 1/93 

Work Plan Reference - DOE 1992a 
TM1 Reference DOE 1992f 
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TABLE 2 1 5 
OU6 PHASE I RFI/RI ANALYTICAL PARAMETERS 

TARGEX ANALYTE LIST (TAL) METALS 
Alummum 
Antimony 
Arsenic 
Banum 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Cyanide 
Iron Total and Dissolved 
Lead 
Magnesium 
Manganese Total and Dissolved 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Copper 

ADDITIONAL METALS 
Cesium 
Lithium 
Molybdenum 
Silicon 
Strontium 
Tin 

GRAPHlTEi FURNACE ATOMIC ABSORPTION 
(GFAA) METALS 

Cadmium 

Iron Total 
Lead 
Manganese 
Silver 
Zinc 

Copper 

TARGET COMPOUND LIST (?m) VOCs 
Chloromethane 
Bromomethane 
Vinyl chfonde 
Chloracthane 
Methylene chtonde ~ 

Aceaont 
Carbon disulfide 
I,f Dichloroethene 
I 1 Dichloroethane 
total 12 Dichloroethene 
Chloroform 
1.2 Dichloroethane 
2 Butanone 
1 1 1-Tnchloroethane 
Carbon tcvachlonde 
Vinyl acetate 
Bromodichloromethane 
1 1 2 2-Tetrachloroethane 
12  Dichloropropane 
cis 1 3  Dichloropropene 
Tnc hloroethene 
Dibromochloromethane 
1 1 2 Tnchloroethane 
Benzene 
trans 1 3 Dichloropropene 
Bromoform 
2 Hexanone 
4 Methyl 2 pcntanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Total xylenes 

TCL s v o c s  
Phenol 
bis(2 Chloroethy1)ether 
2 Chlorophenol 
13 Dichlorobenzene 
1 4  Dichlorobenzene 
Benzyl alcohol 
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TABLE 2 1-5 I 

OU6 PHASE I RFI/RI ANALYTICAL PARAMET-S 

TCL svocs 
1 2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chlornisopropyl)etkr 
4-Metbylphenol 
N-Nitrosadi-ndrpropy lanune 
Hexachloroethane 
Nitrobenzene 

2 Nitrophenol 
2 4-Dimethylphenol 
Benzoic acid 

2 4-Dichlorophenol 
1.2 4 Tnchlorobenzene 
Naphthalene 
CChloroaRif ine 
Hexac hlorobutadiene 
4-Chioro Zmthylphenol 

(parachloro-meta-cr I) 
2-Meth y lnaphthdene 
Hexachloroc y clopentadme 
2 4 6-Tnchlorophenol 
2 4 5-Tnchlorophenol , I - -. 
2-Chloronaphthalene --# 

2 Nitroaniline 
Dimethylphthalate <* 

Isophorom 

bla(2-Chl0~1~th0~y)methtne 

PP-- 

1 i 
- =  Acenaphthylene .. - 1- 

2 6-Dinitrotoluene 
%- .%\,- .” ~~~. 3 Nitroamline 

Acenaphthm *~ 

2 4 Dinitwphcnol - 
4 Nitrc@~eml 
DibeuzoQkn 
2 4-Dkutrofbbene 
Diethylp’firkaiate- 
4 ChlorophenyLphenyl ether 
Fluorene 
4 Nitroaniline 
4 6 Dinitro 2-methylphenol 
N Nitrosodiphenylarmnc 
4 Bromophenyl phenyl ether 
Hexachlorobenztne 
Pentachlorophenol 
Phenanthrene 
Anthracene 
DI n butylphthalate 

/ ----\ - - *  - _  

.-% p 

Endnn 
EndolRllfan II 
4 4  DDD 
Endosulfan sulfate 
4 4  DDT 
Methoxychlor 
Endnn ketone 
alpha Chlordane 
gamma Chlordane 
Toxaphene 
Aroclor 1016 
Aroclor 1221 
Arocior 1232 
h l o r  1242 
Aroclor 1248 
Aroclor 1254 
Aracior 1260 

I 
I 
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TABLE 2 1-5 
OU6 PHASE I RFYRI ANALYTICAL PARAMETERS 

RADIONUCLIDES 
Gross Alpha 
Gross Beta 
Uranium 233+234 235 and 238 

(each species) 
Amencium 241 
Plutonium 2391240 
Tntium 
Cesium 137 Total 
Strontium 89 + 90 Total 

TOTAL ORGANIC CARBON (TOC) 
NITRATENTRITE AS N 

Parameters~xcluslvelv for 

FIELD PARAMETERS 
PH 
Specific Conductance 
Temperature 
Dissolved Oxygen 
Barometnc Pressure 

WATER QUALITY PARAMETER LIST (WQPL) 
Chlonde 
Fluonde 
Sulfate 
Carbonate 
Bicarbonate 
Total Dissolved Solids 
Total Suspended Solids 

ADDlTIONAL PARAMETERS FOR IHSS 
142 1 9 AND 142 12 WATER SAMPLES 

DOC 
Silicon 
Alkalinity 
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TABLE 2 1-6 
SAMPLE CONTAINERS, SAMPLE PRISERVATION, 

AND SAMPLE HOLDING TIMES 
(SURFACE WATER AND GROUNDWATER) 

~~~~ ~ ~~ 

Parameter Contamer Preservative Holdmg Time 

Orgamc Chemicals 

v o c s  

Extractable Organics 
(SVOCs Pesticides/ 
PCBs) 

Inorga~c  Chemicals 

Metals 

Cyanide 

WQPL 

Nitrate and Nitnte 

NH,+ as NH, 

Hardness 

Total Orgamc Carbon 
P W  
Rahonuciides 

Radionuclides 
(Full Suite) 

Tritium 

Addbonal Parameters 

Acute Toxicity 

Microtox 

2 x 40 ml voc vials with 
teflon lmed septum lids 

3 x 1 L ambe8 glass bottle 

1 x 1-L polyethylene bottle 

1 x 1-L polyethylene bottle 

1 x 1-L polyethylene battle 

1 x 500 ml polyethylene 
bottle 

1 x 1 L polyethylene bottle 

1 x 250 ml axnber glass 
bottle 

1 x 250-ml amber grass 

12 x 1 Lpofyethylenebottle 

1 x 250 ml amber glass 

2 x 1 gal polyethylene bottle 

1 x 40 ml glass vial 

Cool 4oc 

cod 4°C 

Nrtneacid pH<2 
Cool 4°C 

Sochum hydroxlde 
pH> 12- Cool 4°C 

Cool 4'C 

Sulh3c acid to pH 2 
Cool 4°C 

Sulfunc pH < 2 

Sulfunc pH < 2 

Sulfunc acid to pH C 2 
Cool 4°C 

Cool 4°C 

Cool 4°C 

Cool 4°C 

Cool 4°C 

14 days 

7 days until 
extraction 40 days 
after extraction 

180 days' 

14 days 

14 days 

28 days 

28 days 

6 months 

28 days 

180 days 

180 days 

36 hours 

36 hours 

I Holding time for mercury is 28 days 
' Contamer requirement is for any or all of the parameters given 
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TABLE 2 1-7 
QUALITY CONTROL SAMPLES AND 

COLLECTION/ANALYSIS FREQUENCY 

Collection/Analysis Frequency 

Sample Type Analyte Type Solids Liquids 

Duplicates Organics 
Inorganics 
Radionuclides 

1 in 10 
1 1 U  10 
1 in 10 

1 in 10 
1 in 10 
1 in  10 

Equipment Blanks Organics lper day or 1 in 20 1 in 20 

Inorganics 
Radionuclides 

Trip Blanks Organics 
Inorganics 
Radionuclides 

1 in 20 
1 in 20 

NA 
NA 
NA 

1 in 20 
1 in 20 

1 in 20 
NA 
NA 

Matrix SpikeIMatnx Organics 1 m20 1 in 20 
Spike Duplicate Inorganics 1 in 20 1 in 20 

Lab Replicate Radionuclides 1 in20 1 in 20 

NA = Not Analyzed 
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TABLE 2 1-9 
OU6 PHASE I RFYRI SITE NUMBERS AND SURVEY COORDINATES 

SS609792 2086390 750302 
SS609892 2086390 750276 
SS609992 2086391 75025 1 
SS6 10492 20864 14 750302 
SS610592 20864 14 750277 

SITE NUMBERS SITE LOCATION SITE TYPES 
State Eastmg State Northing 

Surface Soil 
Surface Soil 
Surface Soil 
Surface Soil 
Surface Soil 

SS610692 
SS611192 
SS611292 

20864 1 5 750252 surfaee Soif 
2086440 750303 Surface Sod 
2086440 750273 Surface Soil 

SS6 1 1392 
SS612092 
SS612192 

~~ 

ss614092 2086574 750355 Surface Soil 
SS614192 2086575 750329 Surface Soil 
SS614292 2086574 750304 Surface Soil - 

2086440 750252 Surface Soil 
2086506 750429 Surface Soil 
2086507 750404 surface so11 

I SS614392 1 -  2086574 I 750279 I Surface Soil 1 
SS614492 2086575 750254 Surface Soil 
SS614592 2086600 750430 Surface Soil 
S614692 2086600 750405 surface Soil 

- 
SS614792 
SS614892 
SS6 14992 

2086600 750379 Surface Soil 
2086600 750355 Surface Soil 
2086600 750330 Surface Soil 

SS615092 
SS615192 
SS615292 

I 2086600 750304 Surface Soil 
2086600 750279 Surface Soil 
2086600 750253 Surface Soil 

( a 7  910402.5 521) (R7 TZ19 XIS) (31695 1@44 AW2) Sheet 1 of 10 

S S620792 
SS620892 
SS620992 
SS621092 

75992 

I 
i 

2086363 750458 Surface Sal 
2086388 750457 Surface Soil 
20864 1 3 750458 Surface Soil 
2086434 750458 Surface Soil 
2086628 750290 Monitonng Well 



TABLE 21-9 
OU6PHASE IRFYRISITENUM3ERSANDSURVEYCOO~ATES 

SITE NUMBERS SITE LOCATION S f T E m  
state Eastina State Northing 

I 
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' 0  

SED6 1992 
SED65692 
SED65792 
SW61592 

TABLE 2 1-9 
OU6 PHASE I RFYRI SITE NUMBERS AND SURVEY COORDINATES 

2089294 7526953 P d  Sedrment 
2088529 752609 Dry Sediment 
2088819 752664 Dry Sedimaot 
2089497 752865 Surface Water Pond 

f 

SITE NUMBERS SITE LOCATION SITE TYPES 
state Easting State Northing 

SW61692 
SW61792 
SW61892 

IHSS 142 4 (Pond A 4) 
[ SED61592 I 2089497 I 752865 I Pond Sediment 1 

2089723 752971 1 Surface Water Pond 

2089674 753022 I Surface Water Pond 
2089678 753034 Surface Water Pond 

1 I I I SED61692 2089723 752971 Pond Sdment  1 

SED62292 
SED62392 
SED62492 
SED65892 

SED6 1792 I 2089448 I 752924 I Pond Sediment 
SED61 892 2089674 753022 Pond Sediment 

2087 102 750523 Pond Sediment 
2087083 759556 Pond Sediment 
2086983 750455 Pond Sediment 
20867761 7503 18 Drv Sediment 

SW62092 
SW62192 
SW62292 

2087052 750536 Surface Water Pond 
2087 I 19 750520 Surface Water Pond 
2087 106 750556 Surface Water Pond 

SW61992 I 2089294 I 752953 I Surface Water Pond 
75092 2089870 753228 Monitonng Well 

SW62392 
SW62492 

IHSS 142.5 (Pond B 1) 

2087083 750556 I Surface Water Pond 
20869%3 750455 Surface Water-Pond 

SED62092 I 2087052 I 750536.- 1 Pond Sediment 
SED62192 2087 1 19 750520 I Pond Sediment 

SED62592 
SED62692 
SED62792 

2087378 750642 Pond Sediment 
208728 1 750604 Pond Sediment 
2087495 750623 Pond Sediment 

SED62892 
SED62992 
SED66092 
SED66192 
SW62592 

2087456 750609 Pond Sediment 
20872 1 7 75061 8 Pond Sediment - 
2087 182 750653 Dry Sediment 
2087 197 75068 1 Dry Sediment 
2087378 750642 Surface Water Pond 

IHSS 142 6 (Pond B 2) 

I I I I SW62692 208728 1 750604 Surface Water Pond 1 
SW62792 I 2087499 I .  750699 I Surface Water Pond 
SW62892 2087456 750609 Surface Water Pond 

1 SW62992 I 208721 7 I 75061 8 I Surface Water Pond J 
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TABLE 2 1 3  
OU6 PHASE I IUWRI SltTE NUMBERS AND SURVEq COORDINATES 
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SITE NUMBERS SITE LOCATION SITE* 

StrteEaSting StrteNorthing 
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TABLE 2 1-9 
OU6 PHASE I RFYRI SITE NUMBERS AND SURVEY COORDINATES 

SED64592 
SED64692 

SITE NUMBERS SITE LOCATION SITE TYPES 
State Easting State Northing 

2093510 753694 Pond Sediment 
2093554 753636 Pond Sediment 

SW64692 
SW64792 
SW64892 

I SED64792 I 2093513 I 753756 I Pond Sdment 1 

2093554 753636 Surface Water-Fond 
2093603 753665 Surface Water-Pond 
2093563 753684 Surface Water Pond 

SED64892 I 2093563 I 753684 1 Pond Sediment 
SED64992 2093452 753746 P d  Sedunent 

ss600092 
SS600192 
SS600292 

I SW64592 1 2093580 I 753726 f Surface Water Pond I 

2083494 751231 Surface Soil 
2w3520 751228 Surface Soil 
2083496 751241 Surface Soil 

SS600392 I 2083508 
77492 (60592) I 2083508 

I SW64992 I 2093452 I 753746 I Surface Water Pond 1 

75 1237 I SurfGe Soil 
75 1246 I Monitonng Well (Soil Bonng) 

IHSS 143 (Old Outfall Area) 

63692 2086252 751032 Soil Bonng 
73592 2086447 751004 Soil Bonng 
73692 20865 14 750889 Soil Bonng 
73792 208659 1 750761 Soil Bonng 
73892 2086588 75 1059 Soil Bonng 

1 73992 2086658 750935 Soil Bonng 

74492 
74592 

2086872 750860 Soil Bonng 
2086832 75 1088 Soil Bonng 

IHSS 156 2 (Soil D u m  Area) 

74692 20869 10 750960 Soil Bonng - 

I 63592 I 2086336 I 750971 I Soil Bonne 1 

74792 I 2086861 I 751 175 I Soil Boring 
v 74892 2086925 75 1062 Soil Bonng 

1 74092 I 2086734 I 750803 I Soil Bonng 
~ ~~~ ~ 

74 192 I 208667 1 I 75 1026 I Soil Bonng 
74292 20867 16 751 116 Soil Bonng 

I I 74392 I 2086798 75099 1 Soil Bonng 
~ ~ ~~~~~~~~ 

1 74992 I 2086952 1 751 152 I Soil Bonng 1 
. .  (al47~10001SSZI)(R7l219XLS) (Y16195 IOUAMXZ) Sheet 5 of 10 



TABLE 2 1-9 
OUQ PHASE I RFURI SITE NUMBERS RND SURVEY OOORDLNAW 

SITE NUMBERS SlTE LOCATION SITETYPES 
state Ensting State Northing 
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TABLE 2 1-9 
OU6 PHASE I RFYRI SITE NUMBERS AND SURVEY COORDINATES 

70392 2085417 750620 
70492 2085419 750721 
70592 20854 1 5 750839 

SITE NUMBERS SITE LOCATION SITE TYPES 
State Easting State Northing 

Sail Gas Survey 
Soil Gas Survey 
Soil Gas Survev 

71592 
71692 
7 1792 
7 1892 

2085645 750838 Soil Gas Survey 
2085642 750934 Soil Gas Survey 
2085758 750840 Soil Gas Survey 
2085764 I 750733 Soil Gas Survev 

71992 
72092 
72192 

2085766 I 758627 Soil Gas Survey 

2085770 I 750475 Soil Gas Survev 
2085772 750540 Soil Gas Survey 

72292 
72392 
72492 

I I I I 
~~ 

SS606292 2085987 750608- surfaces01 r 

2085416 750421 Soil Bonng 
208565 1 750432 Soil Bonng 
2085770 750475 so11 core 

SS620592 
SS606192 

I SS603192 I 2085508 I 750720 I Surface Soil 
SS603292 2085530 750625 Surface Soil 

2085864 750530 Surface Soil 
2086169 750699 Surface Soil 

I SS620092 I 208553 1 I 7504 18 I Surface Soil 
SS606392 208565 1 750432 Surface Soil 1 

SS620192 t 2086084 

Sheet 7 of 10 

750685 Surface Soil 

SS620292 
SS603092 
SS620392 

2085987 750538 Surface Sod 
20854 17 750523 Surface Soil 
2085416 750943 Surface Soil 
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TABLE 21-9 
OU6 PHASE I aFyRI SITE NUMBERS AND SWRVRY C O O m A T E S  

SlTE NUMBERS SITE LOCATION SITETYPES 
StateEeSting State Northhrg 
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j 

I 

I 
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TABLE 2 1-9 
OU6 PHASE I RFYRI SITE NUMBERS AND SURVEY COORDINATES 

61 192 I 2083890 
61292 2083779 

SITE NUMBERS SITE LOCATION SITE TYPES 
State Eastinp; State Northing 

753838 Soil Bonng 
753780 Soil Bonng 

61392 
6 1492 
6 1692 

2083892 753784 Soil Bonng 
2083996 753789 Sosl Bonng 
2083891 75368 1 Soil Bmng 1 

I 61792 I 2083996 I 753678 t SoiI'Sonng 1 

63092 
63192 
63292 
63392 

SS600492 
SS600592 

6 1892 I 2084116 I 753666 I Soil Boring 
61992 2084 192 753653 Soil Bonng 

2083673 753626 Soil Boring 
2083116 753626 Soil Bonng 
2084098 753519 Soil Bonng 
2083998 753464 Soil Bonng 
2083890 '753838 Surface Soil 
2083779 753780 Surface Soil 

I I I I 62092 2084280 753636 Soil Bonng 

SS600692 
SS600792 
SS600892 
SS600992 
ss601092 
sS601192 
SS601292 

62792 I 2084 103 I 753564 I Soil Bonng 
62892 208420 1 753565 Soil Bonng 

2083892 753784 Surface Soil 
2083996 753789 Surface Soil 
2084103 753777 Surface Soil 
208389 1 75368 1 Surface Soil 
2083996 753678 Surface Soil 
20841 16 753666 Surface Soil 
2084 192 753653 Surface Soil 

I 62992 I 2083890 1 753519 1 Soil Boring 1 

SS601392 
SS601492 
SS601592 

2084280 753636 Surface Soil 
2083782 753577 Surface Soil 
2083593 753691 Surface Soil 

SS601692 
SS601792 
SS601892 

208367 1 753690 Surface Soil 
2083781 753686 Surface Soil 
2083892 753574 Surface Soil 

~~ 

ss602 I92 2084201 753565 Surface Soil 
SS602292 2083890 7535 19 Surface Soil 
SS602392 2083673 753626 Surface Soil 

SS601992 I 2083997 I 753568 I Surface Soil 
ss602092 2084 103 753564 Surface Soil 

i 



TABLE 2.1-9 
OU6 PHASE I RFI/RI SITE NUMB&RGrAI'ZD SURVEY COORl%NATEs 
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TABLE 2 10 
OU6 PHASE I STREAM SURFACE WATER (BASEFLOWBTORM EVENT) 

AND SEDIMENT SAMPLE SURVEY COORDINATES 

State 
Eastlng STATION ID 

I ORIGINAL I SITE NUMBERS I SITE LOCATION I SAMPLE TYPES I 
State 

Northing 

SWI 16 SED69492 208 1072 750875 Stream Sediment 
SW118 SED69692 2083514 751533 Stream Sediment 
sw093 SED68592 2085005 75 1722 Stream Sediment 
GS13 SED68492 208609 1 75 1816 Stream Sediment . 

SW091B 
GS12 
GSll 

SED68192 2086301 75 1610 Srreamkhment 
SED68692 2088575 752632 Stream Sediment 
SED68792 2089964 753270 Stream Sediment 

I GS03 I SED69392 I 2093618 753646 I Stream Sediment I 
, GS09 SED69792 2088380 75 1055 Stream Sediment 

GSlO SED69892 2086289 750227 Stream Sediment 
SW103 SED69992 2088786 750848 Stream Sediment 
sw022 SED70092 2086438 * 749759 Stream Sediment 

#I SED68992 2090219 7536 16 Stream Sediment 
#2 SED69292 209 1343 754080 1 Stream Sediment 

i #3 SED68892 2090269 753441 I Stream Sediment 

GS13 
SW091B 

GS12 

Baseflow Surface Water Sampling 
SW116 1 SW67093 I 2081072 1 750875 I Surface water baseflow 
SW118 I SW67493 I 2083514 I 751533 I Surface water baseflow I 

SW67393 I 2086091 75 1876 Surface water baseflow 
SW68193 1 2086381 751610 Surface water baseflow 
SW6-3 t m 5 7 5  752632 Surface water baseflow 

SW67193 I 2085005 I 751722 I Surface water baseflow I 

GSI 1 
GS03 
GS09 
GSlO 

#2 

SW67893 2089964 753270 Surface water baseflow 
SW67983 2093618 753646 Surface water baseflow 
s w m 9 3  2088380 751055 Surface water baseflow 
SW67593 2086289 750227 Surface water baseflow 

t SW68293 209 1343 754080 Surface water baseflow 

sw093 
GS13 

SW091B 

Storm Event Surface Water Sampling 
I SW116 I SW68593 I 2081072 I 750875 I Surface water storm event 1 

SW69293 2085005 751722 Surface water storm event 
SW69393 208609 1 75 1876 Surface water storm event 
SW69093 2086301 751610 Surface water storm event 

I SW118 I SW68793 I 2083514 I 751533 1 ~urface water storm event I 

I GS09 I SW68693 I 2088380 I 751055 I Surface water stom event 1 
GSlO I SW68893 I 2086289 I 750227 I Surface water storm event 

sw022 I SW68993 I 2086438 I 749759 I Surface water storm event 
I 

(4017 91wv25 52lYR7 T21YA XLsAl4141Ys I O Y  PMH2, Sheet 1 of 1 
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OU6 PHASE I S E m  
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1 I sw022 SW68993 I 2086438 I 749759 1 Surface water storm event i , 
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TABLE 2.22-2 
OU6 PHASE I PCMD WATER AND SEDIMENTSAMPLING SITES, 

SAMPLE NullMBERS AND SEDIMENT SAMPLE DHFI%SS - 
SAMPLINGSITE SAMPLE 

IIiss NUMBER NuMBn$. DEPTH -VAL 

IHSS 142 1 SED60092 
PONDA 1 SEW0192 

SED60292 
SED60392 
SED60492 
SED65092 
SED65192 
sw60092 
SW60192 
sw60292 
SW60392 
SW60492 

sD60000wc 0 0' -18 0" 
sD6oO01wc a0"-16 3" 
sD6oO02wc 

a' 

MSS142 2 00  -75 
PONDA2 SED60692 0 On-8.!P' 

-< O O " 6 0  

SED65392 - -  i 

--. S ~ 6 0 0 6 W C  

B" 
-r --4 

IHSS142 3 \ S E ~ 1 0 9 2  sD6oo1owc 
""kS&Mkp32 S ~ 1 1 W C  

- ---. h 1 2 ! &  sD60012wc 
e '= $&wC S ~ 1 3 W C  

- -- PONDA 3 

. d--- -=- 

SED61 492 sD60014wc 
sD6oo54wc SED65492 

!ED65592 sD60055wc 
SW61092 swu601owc 

SW61292 - SWU6012WC 
SW61392 S ~ ~ 3 W C  
SW61492 swu6014wc 

I 

. 

- =  SW61192 swu6011wc 

- *  

IHSSl42 4 SED6 1592 s m 1 5 w c  
POND A-4 SED61692 SD60016WC 

SED61792 sD60017wc 
SED61892 SD60918WC 

a 0"-8 0" 
0 0"-2 0" 
0 0"-2 0" 

0 0  -22 7" 
0 0" 14 4" 
0 0"-I2 4' 
00"-14 1" 
Os!Y-12 0 
00' -20 
0 0"-2 0" 

0 0"-6 3' 

00 2 8  
0 0"-6 6 
00" 28" 

3. -<- 

i 

I 

i 

' i  
: I  

I 
I 

i a 
I 

She: .t 



TABLE 2 2-2 
OU6 PHASE I POND WATER AND SEDIMENT SAMPLING SITES, 

SAMPLE NUMBERS AND SEDIMENT SAMPLE DEPTHS 

SAMPLING SITE SAMPLE 
IHSS NUMBER NUMBER DEPTH INTERVAL 

IHSS 1424 
(continued) 

IHSS 1425 
PONDB 1 

IHSS 1426 
POND B 2 

IHSS 142 7 
PONDB3 

SED61 992 
SED65692 
SED65792 
SW61592 
SW61692 
SW61792 
SW61892 
SW6 1992 

SED62092 

SED62 1 92 
SED62292 

SED62392 
SED62492 
SED65892 
SED65992 
SW62092 
SW62 192 
SW62292 
SW62392 
SW62492 

SED62592 
SED62692 
SED62792 
SED62892 
SED62992 
SED66092 
SED66 1 92 
SW62592 
SW62692 
SW62792 
SW62892 

SW62992 

SED63092 
SED63 192 
SED63292 

SED63392 

SD60019WC 
SD60056WC 
SD60057WC 
swu6015wc 
SWU6016WC 
swu6017Wc 
SWU6018WC 
swu6019wc 

s ~ 6 o o 2 o w c  
SD60125WC 
sD60021wc 
sD60022wc 
SD60126WC 
SD60023WC 
sD60024wc 
SD60058WC 
SDd0059WC 
swu6020wc 
s m 2 1 w c  
s w 6 0 2 2 w c  
swu6023wc 
swu6024wc 

SD60025WC 
SD60026WC 
sD60027wc 
SD60028WC 
SD60029WC 
SD60060WC 
SD60061WC 
swu6025wc 
SWU6026WC 
swu6027wc 
SWU6028WC 
sWU6061wc 
swu6029wc 

sD6003owc 
SD6003 1 WC 
SD6003 2WC 
SD60118WC 
SD60033WC 

00  9 4  
00  2 0  
0 8  2 0  

0 0  240 
240 290 
0 0  110 
0 0  240 
240  280 
0 0  180 
0 0  180 
00  2 0  
00  2 0  

0 0  200 
0 0  8 0  
0 0  6 0  
0 0  140 
0 0  -150 
0 0  2 0  
0 0  2 0  

00  240 
240 540  

0 0  125 
0 0  160 

240  310 
0 0  240 

0 0 -24 0 
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TABLE 2 2-2 
OU6 PHASE I POND WATERAND SEREklE" SAMPLMGSITES, 

SAMPLE NUMBERS AND SEDIMENT SAMPLE DEP&E 
9)- 

SAMPLINGSIT% SAMPLE 
IHSS NUMBER NUMBER DEPTHINTERVAL 

SDdDl16WC 24 0"-25j" 
SED63492 sD60034wc 

MSS 1427 SED66292 s m 2 w c  
(continued) SED66392 

SW63092 
SW63192 
SW63292 swu663 
SW63392 swu603 
SW63492 -=myc 

IHSS 142 8 SEW3592 
POND B-4 

SED63792 

SEW3892 

IHSS 1429 i 'sE&WO92 sD6oO40wc 

--=\ s€!KnXm, SD60042WC 
s m 3 w c  

SED64492 sD6##wc 
SED66692 sD6oQ66wc 
SED66792 SD60067WC 
sw64092 swu6040wc 

~ SW64192 swu6041wc 
- -- sw64292 swu6042wc 

-5 SW64392 s w u m 3 w c  

PONDB 5 * -  -* -$Eb@J92 sD6ooo1wc 

- ~ - ---- - % ".6EDh@- 

'- 

SW64492 swu6044wc 

IHSS 142 12 SED64592 sD60045wc 
WBrI POND SED64692 SD60046wC 

SED64392 sD6ooQ7wc 
SED64892 sD60048wc 

5 

0 0"-24 0" 
240-283 
0 0"-15 9" 
00" 240 
240 -31 5 
00" 240' 
240 309" 
00" 129 
0 0"-20 
0 0 ' 3 0  

00-85 
00 -56" 
00 -84" 
0 0"-8 8" 
0 0"-2 5" 
00  -20 
00 -20" 

00  -11 5 
0 0"-22 0" 
0 0"-5 0 
00" 11 0 
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TABLE 2 2-2 
OU6 PHASE I POND WATER AND SEDIMENT SAMPLING SITES, 

SAMPLE NUMBERS AND SEDIMENT SAMPLE DEPTHS 
SAMPLING SITE SAMPLE 

IHSS NUMBER NUMBER DEPTH INTERVAL 

SED64992 SD60049WC 0 0  7 0  
SW64592 swu6045wc 
SW64692 Swu6046WC 

IHSS 142 12 SW64792 swu6047wc 
(continued) SW64892 SWU6048WC 

SW64992 swu6049wc 

VOCs Volatile Organic Compounds 
SVOCs Serm Volaule Organic Compounds 
NOZM03 as N Nitrate/Nimte as N 
TOC Total Organic Carbon 
Rads Radionuclides 
H3 Tritium 
MS/MSD Mamx Spike / Mamx Spike Duplicate 
LR Lab Replicate (Radiochermsuy Only) 
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3 0  

PHYSICAL CHARACTERISTICS OF OU6 

This section describes the physical Characteristics of  WETS and OU6 Included are 
discussions of  physiographic features demography and land use meteorology and 
climatology soils geology, hydrogeology, surface water, and ecology 

3 1 PHYSIOGRAPHIC FEATURES 

3 1 1  Regional 

WETS is located at an elevation of approximately 6 000 feet above mean sea level (MSL) 
on the western margin o f  the Colorado Piedmont secbon of the Great Plans Physiographic 
Province (Fenneman 193 1) The Colorado Piedmont ranges from an elevaaon of  4,000 feet 
MSL in the east to an elevation of  7 000 feet MSL in the west The piedmont merges to the 
east wth the High Plains section of the Great Plains Province and is terminated abruptly on 
the west by the Front Range section of  the Southern Rocky Mountam Province 

The Colorado Piedmont is an area of dissected topography and denudation representmg an 
old erosional surface along the eastern margin of the Rocky Mountruns The piedmont 
surface is broadly rolling and slopes gently to the east wth a topographic relief o f  only 
several hundred feet This relief is due both to resistant bedrock units that locally nse above 
the surrounding landscape and to the presence of incised stream valleys Major stream 
valleys that transect the piedmont from west to east have their origin in the Front Range 
Small local valleys have developed as tributaries to these major streams wthin the piedmont 

The eastern margin of the Front Range, a few miles west of WETS is characterized by a 
narrow zone of  hogback ridges and flatirons formed by steeply east-dipping strata, such as 

the Dakota Sandstone (Cretaceous) and the Fountain Formanon (Permian and Pennsylvanian) 
Less resistant sedimentary units were removed by erosion Approximately 15 miles west o f  
the hogback ridges and flatirons the Front Range reaches elevations o f  12,000 to 14,000 feet 
/ 

(4047 910 0025 521)(R73)(9/22/95 9 14 mN2) 

- -  

3-1 



I 
above MSL The range itself is broad and u n d c r l ~ ~  by resistant gneiss, schist, and granitrf 
rocks o f  Precambnan a@ The resistant nature o f  these rocks has r-cted stream eroslod 
so that deep narrow canyons have developed in the Front Range 

i 

Several pediments were developed across both hard and soft bedrock in the area of Rm! 
dunng the Quaternary penod (Scott 1963) The Rocky FWs w m e n t  is the most cxtmsiv 

of  these, forming a broad flat surface south of  Coal Creek The broad pdments  and nmo 
terraces are covered by thin alluwal depomts o f  ancient streams drat once-druaed eastwar 
into the Great Plans The sequence of p h t s  reflects repetrtnre physical j~&ssef 

associated w~th cyclic changes in climate Each erosional surface and strabgraphic se 

deposited on it probably represents a single glacial cycle The oldest and highest pedimem4 
the Subsummit Surface (Scott 1960), truncates the hogback ndges of the Front Range Thief 
successively younger pediments, veneered by alluwal gmvels (mcludtng the Rocky F1at.b 
Alluvium), extend eastward from the mountrun front Eroslon of valleys into &e pedrmcnq 
followed each depositronal cycle so that near the mountas fronts, stra@graphically yo- 

! streams These alluwal deposits iq ths OU6 area are described xn Sect~on 3 5 1 

‘4 
i 

I 

! 

geologic units occur at topographically lower etevatms as narrow terrace deposrts a l o e  th t 
The secunty area of RFETS is locatex$ on a relatrvely flat surface of Rocky Flats Alluviur 
(Figure 3 1-1) The pediment surface has been eroded by Walnut Creek on tha~rdi an 
Woman Creek on the south subsequently, terraces h g  these atreams range in heightfroor 
50 feet to 150 feet The grade of  the gently eastward-sloping surface of the R00ky Flal 

Alluvium vanes from 0 7 percent in &e secunty area of RFETS to approxlmil.tely 2 psrcen 
j u s t  east of  the secunty area 

3 1 2  OperablcUnttNo 6 

The OU6 study area covers approximateiy 1,Mi acres, conslst~q,of east-west treridtn 

valleys and ridges Three east-flowtng drunages cross the OU6 site M unnamed tnbutarq 
North Walnut Creek and South Walnut Creek (Figure 1 3-2) All three dranages meet ncIl 
the eastern border of OU6 to form Walnut Creek Two east-west trendmg ndgcs, borderel 
by these three dranages, terminate west o f  the amfluence of the &re drahages I 

j 
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The OU6 area is bounded by the unnamed tributary on the north Indiana Street on the east, 
the South Walnut Creek dramage on the south and the WETS complex and Landfill 

(IHSS 114) on the west (Figure 3 1-1) The topography generally slopes from west to east, 
wth elevafions varying from 5,973 feet to 5,636 feet MSL 

3 2 DEMOGRAPHY AND LAND USE 

3 2 1 Demographics 

Demographic information descnbed below is pnmarily taken from "1 989 Population, 
Economic, and Land Use Data for Rocky Flats Plant" (DOE 1990b), developed by the Denver 
Regional Council of Governments (DRCOG) This DRCOG study encompassed a SO-mile 
radius area from the center of WETS and included all or part of 14 counfies and 
72 incorporated cities wth a 1989 combined population of 2,206 550 

RFETS is located in a rural area of unincorporated Jefferson County approximately 16 miles 
northwest of Denver and approximately 10 miles south of Boulder WETS is situated on a 
6 550-acre parcel of federally owned land The security area of the facility is located in the 
approximate center of  the parcel and is surrounded by a buffer zone of  approximately 6,150 
acres The area west of WETS is mountamous and sparsely populated The area east of 
WETS is generally a high arid plan and is densely populated The majonty of  the 
population included in the DRCOG study is located wthin 30 miles of  WETS, to the east 
and southeast in the Denver metropolitan area The majonty of the development of the plans 
to the east of WETS has occurred since the plant was built 

Within a 6 4-mile radius of the center of  WETS there is little residentml or commercial 
development Between 4 and 10 miles, development increases, wth approximately 3 16,000 
residents wthin a 10-mile radius The most significant development exists to the southeast 
in the cities of Westminster Arvada, and Wheat hdge The cities of  Boulder, to the 
northwest Broomfield Lafayette and Louisville to the northeast and Golden to the south 
also contain significant developments wthin this 10-mile radius (DOE 1990b) 

Recent population estimates registered by DRCOG for the eight-county Denver metropolitan 
area display distinct growth patterns Between 1980 and 1985 the population of the 

(4047 910 0025 521XR7 3)(9R2/95 9 14 un)(2) 3 -3 



I 

I. I 

metropolitan area increased by 197,890, a 2 4 percent annual growth rate Between 1985 an 

1989, a populatton gam of 71 575 was recorded, representmg a 1 0 percent annual increasb 
(the nabonal average) The 1989 populabon showed an increase of 2,225 (or 0 1 perm ) 
over the previous year (DRCOG 1989) 

The DRCOG study also projected populabons through the year 2010 Figure 3 2-1 (DO 
1990b) rllustrates the 1989 residenbal populabon found wthin a 5-mile radrus of Rl%T$ 
The 2010 projected ramdenhat popdabon is illustrated in Figure 3 2-2 @OE 199Ob) 
Sectors 1 and 2 represent land wthk the RFETS boundary Sectors 3,4, and 5 reptes t 

property outside the RFETS boundw Radral Segments E and F are the general area f 
OU6 Radral Segments D through f represent the predominant downwnd and downstr 
direcbons from the OU6 =ea 
popdabon data shown in Figures 3 2-1 d 3 2-2, as well as the 1989 and projected 20110 
populatton for the regson wrthin the 5- to IO-mile radius of WETS The inforrtratr 
presented in Table 3 2-1 indicates that zero popdamn growth is projected for the n h  

1 c 

4 Table 3 2-1 summanzes the 1989 and projected: 201 
I 

f 
years in the areas immedrately adjacent to the RETS boundary (Sector 3) 

Eight public schools are wthin SIX miles of RFETS The nearest school is Witt Elernen& 
School, which IS approxlmately 2 7 miles exist of the RFETS buffer zone (DOE 19914 
There are 93 schools, 8 nursing homes, and 4 hospitals whn a 10-ale rad~us of WE* 

I 

(DOE 1990b) i 
i 

The nearest dnnking water supply is =eat Western Reservoir, l o c d  appmmat$ty 213 
miles to the east of the center of RFETS The City o f  Broomfield operates a wrrter traitm 

facility immediately downstream from Great Western Reservoir This facility s*pl 
dnnking water to appmmmatcly 28,090 persons Standley Lake, a dntrking water Suprily 
the cines of Thornton, Northglenn, Westminster, and Federal Hmghts, is located 3 5 mles 
the southeast of RFETS in the Woman Creek drainage 

I 

e 
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3 2 2 Off-Site Land Use 

3 2 2 1  Current Land Use 

Current land use wthin a IO-mile radius of WETS is descnbed in "1989 Populatton, 
Economic and Land Use Data for Rocky Flats Plant" (DOE 1990b) In general, current land 
use surrounding WETS includes open space (recreattonal), agncultural, residenttal, and 
commercial/industnal Open space (recreational) land includes an open space parcel to the 
northwest owned by the City of  Boulder Golden Gate State Park to the west White Ranch 
Park to the south Standley Lake Park to the southeast and other open space lands to the 
southeast associated wth Westminster and Arvada The majonty of  the agncultural land is 
located to the northeast o f  WETS Some agncultural land IS also located east of  RFETS 
while parcels o f  range land are located to the southwest The majonty of  residenttal land use 
is 4 to 10 miles to the southeast The pnmary commercial/indusmal area wthin 5 miles of 
W E T S  is the Jefferson County Airport area Addibonal commercial/industnal areas wthin 
10 miles of  WETS include areas in Westminster and Arvada to the east and south, 
Broomfield to the east Lafayette and Louisville to the northeast Boulder to the northwest 
and Golden to the south The northeastern Jefferson County and WETS area is currently one 
of  the most concentrated areas of  industnal development in the Denver metropolitan area. 

Current land use in the area immediately southeast of OU6 includes all o f  the uses mentioned 
above, wth the predominant uses appemng to be open space single-family detached 
dwellings and agncultural (livestock) operabons Industnal facilities wthin 5 miles of  
W E T S  include the TOSCO Laboratory Thoro Products, the Great Western Inorganics Plant 
which forms part of the Rocky Flats Industnal Park (2 miles south), the Western Aggregates, 
Inc Plant (24  miles northwest), and the Jefferson County Airport and Industnal Park (a 
990-acre site located 4 8 miles northeast) 

3 2 2 2  Future Land Use 

Future land use is generally expected to follow existing land use patterns The North Plans 
Community Plan (Jefferson County 1990) was prepared to serve as a guide to the county and 
cities to achieve compatible land use and development decisions regardless of the 
junsdiction Jefferson County expects that industrial land uses wll continue to dominate the 
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i I 
northeastern porhon of the county The plan identxfies RFETS and the Jeerson Count 
Airport as constrants to future resdentxal developments in the ana, and recommends oficl 
and light indumal development The plan further identxfies the acquisibon of lands for open 

1 space uses as a high pnonty for the area, recommending that large amounts of undevelopec 
land be promded for this purpose (Jefferson County 1990) 

I 

Maps presented in the North Plolns Community Development Plan (Jaerson County 1990 
and the Jefferson Center Comprehensive Development Plan show that the predominant b r l  
land uses to the south and southeast of RFETS wdl consist of cornmpwal, industrial, q 
ofice space Directly to the eat ,  the; zoning and uses are expected to remun open-e 
agncultural, or vacant The areas closest to RFETS are planned for sndustnd, commdrcial 
or office space, wth the areas further from RFETS designatd €or residentral developmen1 
This planning is consistent wth the prqected zero residentxal growth rate in the next 20 year 

for areas immediately djacent to RFETS (DOE 1990b) 

The citm of Broomfield and Supenor have partrciputed in the Jefferson County coopdtatxv~ 
planning process and are planning busmess, industnal, and mixed land uses for the areanod 
of RFETS (Jefferson County 1990, City of  Broomfidd 1990, Boul-der County 1991) 

3.23 Onsite Land Use 

3 2 3 1  Current Land Use 

I 

RFETS producbon and mamtenauce actwitm occur in only 13 percent of  t l e  OU6 ar+ 

Current acbvltxes UI the OU6 area cossist of environmental investtgaons, water detenbod, 
treatment and tesbng, sludge treatment storage, and routme secunty survedlance I 

i 

=P Seven of the seventeen OU6 IHSSs wthin the buffer zone are not currently actwe Th . .  w w w m "  *." . .-- .. I 1 . 1 .  ,.. .I c. 9 -  . n  w a >  A _ - _ L  inciuae m33s 1 0 1  I ,  I O /  5, ana IIO I (NOM, bourn mu -1 bpray riera arty, 
respectively), IHSSs 166 1 166 2 and 166 3 (Trenches A, B, and C respeictwely), anb 
IHSS 156 2 (Soil Dump Area) Ten of the IHSSs wthin the buffer zone are currently in us1 

Nine of these are detenbon ponds (IHSSs 142 1-142 9), which are currently being used 

control runoff and detain water before being released into WaInut Creek iHSS 142 I2 1s 
used as a final water quality check point, pnor to release of water off site 



I 

IHSSs 141 143 and 165 are inside the PA of  WETS Paved patrol roads traverse part of 
IHSS 141 IHSS 143 currently has several traders located on it IHSS 165 is currently a 
storage area for miscellaneous materials Approximately one-fifth o f  IHSS 165 and a small 
portion of IHSS 141 are located in a protected zone which is 100-feet wde and has an inner 
and outer fence The PA secunty fence zone is inaccessible 

3 2 3 2  Future Land Use 

Occupation by private industry is being considered by DOE for the future use of  the onsite 
WETS production area Areas o f  OU6 immediately adjacent to the industrial pomon of 
WETS could be considered as part of future indusmal development With the present open 
space located nearby it is plausible that the buffer zone w11 be preserved as open space 
Ecological surveys of the buffer mne performed in compliance wth the Threatened and 
Endangered Species Act and wetlands assessment may indicate the presence o f  several listed 
species at WETS Because the buffer zone has not been impacted by commercial 
development except for aggregate mining on the west side of  the plant, the future use o f  this 
area as an ~cological preserve is feasible This type o f  site use is also consistent wth the 
Jefferson County Planning Department's recommendations for the provisions of  large amounts 
of undeveloped land in the area (Jefferson County 1990) 

3 3 METEOROLOGY AND CLIMATOLOGY 

The WETS uea has a semiarid climate that is charactenstx of  much o f  the central Rocky 
Mountain region Table 3 3-1 presents the annual climatic summary compiled for 1993 (DOE 
1993a) The annual precipitanon at WETS for 1993 is eshmated at 1207 inches (DOE 
1993a) Approximately 34 percent of  the annual precipitation falls during the spnng season, 
and much of this precipitation is snow Thunderstorms (June to August) account for an 
additional 22 percent of  the annual precipitation Autumn and wnter account for 3 5  percent 
and 9 percent of  the annual precipitahon respectively Snowfall averages approximately 65 

inches per year and typically occurs from October through May (DOE 1993a) 

Temperatures are typically moderate Extremely warm or cold weather is rare and o f  short 
duration On the average daily summer temperatures range from 52 to 76 degrees 
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Fahrenheit, and wnter temperatures range from 18 to 39 degrees Fahrenheit The loy 
I 

average relatwe humidity (42 percent) is clue to the blocking effect of &e Rocky Mountam4 
! -r-s 

The wnd flow around RFETS is strongly influenced by the close proxrmity o f  the Roc 4 i 
Mountam and €hgh Plans, which produce a diurnal cycle of wnB patterns (upslope an 
downslope) when there are no strong storm systems or synoptx pattms wthin the regio 
The east-west trending canyons to the west of RFETS can furdrer channel the local wnd 
direcbons Nighmme wnd directrons generally flow downslope from the mountarns to thb 
plains, while dayttme wnd directtons may flow upslope The South Platte aver  Val€ey 16 

the area for the confluence and diverma? of the atrflow patterns for the regron between th 
Front Range and the Denver Metropolitan area. Chmook wndstorrns may occur thb 
spnng, as wnds moving from west to east over the Continental Divlds plunge down the e+ 
side of the mountam slepes 

Table 3 3-2 is an annual joint frequency distribution of the wnd LFet&on categonzed by si 

w n d  speed classes at RFETS, based on the pre-pmcssed meteorological data for 199 J 
These data are presented as a wnd rose in Figure 3 3-1 Compass point designatrons rd1cat 
the true bemng when facing the wnd (direction &om which the wrnd flows) Figure 3 3- 
shows that northwest wmds are predommant at RFETS (DOE 1993a) 

Pasquill-Gfford atmosphenc s t h l i t y  classes at RFETS wewe calculatedusing the Sign 
Theta method, which categonzes the class of stability as a function Q€ the standard deviattoh 
of honzontal wnd direction by honzcmtal wnd speed and ttme of day Table 3 3-2 prpen4 
the 1993 RFETS meteorological data -by stability indexes or classes The classes ran& fmh 
A to F, extremely unstable to moderately stable, respeawdy The D dass represents neu 
stability charactenstmi The data show that unstable charactertstrcs (A through C) occ 9 r 
about 25 percent of the ame Stable cases (E and F) occur about 32 percent of the brn? 

Thus neutral condiaons (D) occur at RFETS approximately 43 percent of the time (DOk 
1 993 a) 

4 I 

b 

1 
if 
I 

i 

3 4  SOILS 

- !  

! 

Soils wthin the OU6 area have been classified by the Soil Conservatmn Service, Department 
of Agriculture (DOA 1980) The location and lateral extent of these soil types within the 

i 
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OU6 area were digittzed from Digital Line Graph (DLG) data from the Soil Conservatton 
Service (Digital ARC/Info Coverage provided by EG&G RFETSSOIL Coverage) and are 
presented in Figure 3 4-1 Table 3 4-1 lists the major soil units wthin the OU6 area, wth 

their classificanons and properties 

Most o f  the soil senes shown on Table 3 4-1 are classified wthin the Argiustoll great group 
Argiustolls are generally charactenzed as well-dramed soils wth dark-colored, humus-nch 
surface "A" horizons, argillic "B" honzons, and calcic "C" horizons They exist in andic and 
U S ~ C  (limited moisture) regimes which are adequate for plant growth dunng the growng 
season Torretx Argiustolls 
typically have a higher shnnk-swell potennal than Andic Argiustolls (DOA 1980) 

The two predominant subgroups are Torretx and Andic 

The predominant soil type wthin OU6 are clay loams o f  the Denver-Kutch-Midway group 
(DOA 1980) These soils occur along the dramqes of the unnamed tnbutary, South Walnut 
Creek, and North Walnut Creek (Figure 3 4-1) Slope gradients for these soils range from 
9 to 25 percent wth the Denver and Kutch soils typically located on the hillslopes of the 
drainages, while the Midway soils are found on the ridge crests The Denver clay loams 
consist of deep well-drained, calcareous clay, silty clay and sandy clay material derived 
primarily from claystones siltstones and sandstones The Khch soils are moderately deep, 
well-draned, calcareous clayey alluvium and colluvium denved from claystones, siltstones, 
and sandstones and from Rocky Flats Alluvium (RFA) and terrace alluviums The Midway 
clay loams are shallow well-dramed calcareous clayey matenal denved from RFA These 
soils have low permeability and infiltration rates which result in a severe water erosion 
hazard 

Within the flood plan  near the confluence of the Walnut Creek dramages the Englewood 
clay loam is the predominant soil type (Figure 3 4-1) The Englewood clay loam is deep and 
well drained, consisting of calcareous clayey alluvium denved from claystones, siltstones, and 
sandstones and from RFA and terrace alluviums in the OU6 area (DOA 1980) This soil 
forms flat (0  percent) to moderate (5 percent) slopes in the Walnut Creek confluence area, 
wth an associated slight water erosion hazard Shrink-swell potential for these soils tends 
to be high 
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The North Walnut Creek drautage upgradient of the Pond A-3 dam a d  associated terrace 
(0 to 3 percent slopes) are covered by the Havemn loam (Figure 3 4 1 )  This soil type I 

also present in the area of the Walnut Creek-McKay Ditch confluence The Haverson loar 
is a deep, well-draned, stratdied alluvrum denved from RFA and alluvrums; an1 
bedrock claystones, siltstones, and sandstones @OA 1980) The infiltration rate an 

permeability for this soil is slow and moderate/slow, respectively l h  soil type is associate 
wth slight water erosion hazards and tow shnnk-swell potcnbd 

The Leyden-Pnmen-Standey cobbly clay loams (15 to 50 percent slopes) have linnted area 
extent on the northern hillsidt neat PondB-5 in the South Walnut Creek Drainag 
(Figure 3 4-1) The Leyden-Pnmen-%ndley ~enes is derived fiom RFA, &race allwum 
and bedrock claystones The soil consists of clayey, gravelly, stony and cobbly matenal 
which constitute clayey, montmonllonibc, mesic Andtc Argrustolls This wries displlrys 
slow infiltranon and B slow permeabikty, Severe water erosion hazard, and moderate to higl 
potential for shnnkage-swelling Leyden soils are moderately deep and wdl-drclind 
consisting of calcareous, cobbly and clayey matenal "be Pnmen soils are shallow and yell 

druned Standfey soils are deep and well-dramed @OA 1980) 

The Flatirons wry cobbly sandy loams (0 to 3 percent slopes) are only found on ndge top 
that conad predominantly of RFA IHSSs 167 1, 166 1, 1663, 165, and 156 2 arc al 

charactend by this soil  type The Flatarons soil IS bwp d wdl-dmned, aad is formed 11 

non-calcareous cobbly, stony, gravelly, and loamy matenal of the RFA Slow infiltratror 
rate slow permeability, slight water emion hazard, and a moderate shnnk-swell potenttql ar( 
associated wth this soil type 

The Valmont soil type is found in IHSS 216 1, on the ridge north of S o d  Walnut Creel 
above Ponds B-3 and B-4 (Figure 3 4-1) This soil consists of deep, well-dramed clay loan 

denved from RFA and formed in calcareous clayey dluwum underlam by calcateous, veq 
cobbly or very gravelly mated Valmont sod has a slow infiitratm rate, slow to modtratc 
permeability, slight water erosion hazard, and vanable shrink-swdl potenfial 

The Nederland soil skirts the Flatiron soils along the ndges and hillsides of the OU6 area ant 

consists of very cobbly sandy loam which forms dopes of 15 to 50 percent This soil is deer 
and well-dramed, and formed in cobbly, gravelly and loamy dluvrum denved from the RPP 
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and terrace alluviums 
water erosion hazard, and low shrink-swell potential 

This soil has moderate permeability and infiltrahon rate, a severe 

3 5  GEOLOGY 

This section presents general descnptions and interpretations of the surface and bedrock 
geology of the OU6 area Specific geologic descnpttons, hydrogeology, and surface water 
features of each OU6 IHSS and how each relates to the site-wde OU6 geology are discussed 
in Section 3 9 

Geologic information and interpretations presented in this section use data gathered from 
historical (alluvial and bedrock), Phase I and other ongoing inveshgafions Informahon on 
the regional geology of the Front Range and the area surrounding WETS is included, when 
needed to assist in the understanding of the local geology 

Geologic data obtuned from the Phase I OU6 investigation were compared to and 
supplemented wth data from previous studies The previous studies referenced are as 

follows 
* 

0 Geotechnical Engineering Report for Geotechnical Analysis o f  Earthen Dams 
A-3. B-1. B-3. and Landfill Dam. RFP (EG&G 1993a) 

0 Phase I1 Geolonic Characterization Data Acauisition Surface Geo Ionic 

MaDDinE of the Rocky Flats Plant and Vicinitv. Je fferson and Boulde r 
Counties. Colorado (DOE 1992c) 

0 First Intenm Report of Field Activities. Vadose Zone Monitorine. Sanitary 
Treatment Plant SludPe DtyinP Beds. Buildinns 910 and 995 (DOE 1993b) 

Geologic interpretations in this section use both surface and subsurface data control 
Subsurface stratigraphic control was obtained from lithologic logs of core or cuttings collected 
during the drilling of borings and installation of monitoring wells Pre-1991 core and/or 
cuttings were logged according to a visual geologic protocol (DOE 1991d) Post-1991 core 
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and/or cumngs were logged systematdly and uniformly ascordmg fo SOP GT 01 (Ea9 
1992a) I 

The OU6 Phase I survey data and ARChfo Coverage data for the field ate locatroqs ar i 
contamed in Appendix C1 Appenbx C2 contslns the lithologic logs for the OU6 Phase 

presented on Table 3 5-1, and locabons of the brings and wells are shown on Figures 3 5- 
bonngs, wells, and soil cores Strabgraphic data o h n e d  b m  the~~-4&dogrc logs 

and 3 5-2 The OU6 Phase I manitonng well installation data are listed on Table 21-8 

The lithologic logs of OU6 bonngs q d  monitonng wells drrlld F o r  ti0 the OU6 Phase 1 
invemgabon are contarnad in Append~x C3 Appencllx C3 also contans Iitholog~clogs (whd 
applicable) of bonngs and monitonng welts dnlld in OUs 2,4, and 7, concurrently w& th+ 
OU6 Phase I field Investigatron Stratrgraphic information obtund from the lithalak 104 
contamed in Appendix C3 are presented on Table 3 5-2 The locatrons of historical borehole1 

1 
i 

Addibonal soil grab samples (1 1 total) were obtarned from vanous IHSSs specifically fol 
gram size analyses These samples were classified according to SOP GT 01 and the result4 
of the analyses are presented on Table 3 5-3 

I 
I 

Pond sediment cores coikted duma tke OU6 P h e  I field invesbgation were classified 14 
the field by visual inspecQon according to the USCS The pond sediment soif classifiaoni 

I are presented in Table 3 5-4 and the care lithologic data are contamed in Appdrx C4 I 

The surface geology of OU6 is presented on Plate 3 5-2 Surface geologrc control w d  
obmned from field geologic mapping of surface deposits, bedrock outcrops, and a r  pfiatd 

interpretamon, as discussed in Secbon 2 1 5 4 Figure 3 5-3 illustrates the local strat~graphid 
column pertinent to the OU6 area. Shdlow strmgraphrc units occumng whin OU6 cansid 
of the Cretaceous Laramre (IU) and Arapahoe (Ka) Formations, Quaternary Rocky Flaq 
Alluvium (Qrf), High Terrace Alluvium (Qt) Valley-Fill Alluvrum (Qvf), wlluvium (Qc)~ 
landslides (Qls) These strattgraphac unrts are shown on Plate 3 5-2 mng the abbrevmpond 
listed aboe Qls and man-made deposlts (af) Man-made deposlts include disturbed p u n 4  

1 
I 

i 

and monitonng weils uscd in this study are &own on Plate 3 5-1 

I 

I 
i 

I 

I 

I 

and mfiaal fill 

I (4047 910-0075 521)(R7 3X9f22195 9 I4 a X 2 )  3-12 



Bedrock o f  the Laramie and Arapahoe Formations is exposed in the valleys that have been 
incised by the three east-flowng creeks (North Walnut and South Walnut Creeks and the 
unnamed tributary to Walnut Creek) RFA caps the east-west trending mesas adjacent to 
these dramages Most o f  the hillsides are covered by Quaternary colluvium that consists of 
material from bedrock and RFA Successively younger terrace deposits occur at lower 
elevations on broader, flatter slopes along the hillsides Addinonally, many landslides occur 
along the hillsides 

Stratigraphic units that have greater relevance to OU6 (1 e ,  Laramie, Arapahoe, Rocky Flats 
Alluvium, Valley-Fill Alluvium, colluvium, landslides, and man-made deposits) are discussed 
below in greater detail High Terrace Alluvium was not encountered in dnlling or sampling 
during the OU6 Phase I field investigation, however, one histoncal well, 1886 (Plate 3 5-1) 
did encounter High Terrace Alluvium High Terrace Alluvium wll only be discussed 
generally to assist in an overall understanding o f  the OU6 area 

3 5 1 Unconsolidated Surface Geologic Units 

Unconsolidated surface geologic units o f  OU6 consist o f  Quaternary Rocky Flats Alluvium, 
High Terrace Alluvium Valley-Fill Alluvium, colluvium landslides, and man-made deposits 
that consist of disturbed ground and artrficial fill Plate 3 5-2 illustrates the distributron o f  
the unconsolidated surface deposits in the OU6 study area Stratigraphic and nme 
relationships between the vanous alluvial deposits are diagrammancally illustrated In 

Figure 3 5-4 Alluvial deposits include the Pleistocene-age Rocky Flats and High Terrace 
alluviums, and Pleistocene to Holocene-age Valley-Fill alluviums A diagrammanc cross 
secnon of these alluvial deposits in the vicinity of WETS is shown in Figure 3 5-5 Hillslope 
deposits consist o f  Holocene-age colluvium and landslides Figure 3 5-6 is a schemanc 
geologic cross section illustratrng a conceptual model of the terrace deposits along South 
Walnut Creek Geologic cross section A-A' (Figure 3 5-7) which traverses the three OU6 
drainages shows the relationships o f  the unconsolidated surface units to each other and 
underlying bedrock units Unconsolidated surface geologic units are described below in 

detail followed by a discussion o f  bedrock units 
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3 5  1 1  Roekv Flats AUU num 

The RFA is the topographically highest and the oldest alluvial deposit wthm the OU6 
The RFA is generally 10 feet to 50 feet thick although it is as much as IQO feet #hied 
of RFETS According to Scott (1960) RFA is believed ta be Plerrrtocene (N 
Aftonian) in age (Figure 3 5-4) The RFA was deposited as large latedty eorrl 
fans along the base of the adjacent mountam front (Hurr 1976) These dfuvrd fans 

eastward over an extensive unconformity or erosrmal pedrment surface that extended 
eastward from the m o m n  front Regionally, &e &mat surface slopes gently eastwarp 

toward the plans, yet locally it can be quite irregular untb relief o f  as much as 50 fq 
(Malde 1955, Hurr 1974) This local a l i e f i s  atarbuted to awell developed network&wes& 
to east-trending paleostream dramages incised into the pdment surface beneath the a l l u w q  
(DOE 1991d) Although these paleostream dramages a m  be determtned in other amas ok 

WETS that have been intensively investigated (I e ,  OU2), these palsostream dgaunagw ar 

I 

I 

t 
not as well defined in OW6, due to limited subsurfacacorrtrol i 

I 

i 
The RFA beneath and in the wcipity of RFETS was deposited in an alluwd fan #hS 
originates at the mouth of Coal Creek Canyon west of the plant walde 1955) Fan deposi@ 
can be traced eastward from the mouth of the canyon for approximately 7 miles This &posh 

I and underlying pe&ment surface have been subsequeatly dissected by stream erosion dong 
the present dramage systems, leanng nmnants of the deposit MIW capping the mesas betw 
the drarnages 

The RFA consists pnmmly of  poorly-graded to well-graded clayey gravels, sandy gravds and 
silty gravels ranging from fine gravel up to 2-inch-diameter cobbles u1 core ssmplss (2-mcb 
I D split-spoon core), and up to 3-foot-drameter boulders observed in the field The gravel 
is subrounded to angular and is composed predominantly of quartpte and schrst Grrrvell9, 
clayey, and silty sands are also present in the alluvium, and are moderately sorted to web 

sorted, w~th rounded to angular grruns o f  predominantly quartz, quartate, and schist Cdichb 
(calcium carbonate precipitate) IS commonly present as a coatmg on gravel and sand &am$ 

as well as disseminated throughout the RFA In some areas, caliche deposits make up as 
much as 40 percent of the core recovered Table 3 5-5 lists boreholes and morutonng well, 6 
that penetrated RFA in the OU6 area. Lithologrc vananons wthin the RFA are shown ob 

the lithologic logs (Appendixes C2 and C3) for the borehole and wells listed on Table 3 5-4 

I 

9 
I 
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3 5 1 2  Hieh Terrace Alluvium 

Terrace and Pediment alluviums located topographically below the RFA on the hillsides and 
slightly broader flat areas, and are mapped together as High Terrace Alluvium (Figure 3 5-4) 

These terrace deposits are Pleistocene (Kansan to Wisconsin) in age and are further 
differentiated into the Verdos and Slocum Alluviums (Scott 1960) (Figure 3 5-5) Terrace 
deposits were formed dunng interglacial episodes when channels were carved into the upper 
alluvium by stream runoff leaving younger terrace deposits at lower elevaoons (Hurr 1976) 

Erosion by cross-dramages along the hillsides has dissected the terrace deposits, leaving only 
remnants o f  formerly laterally-extensive deposits Where a remnant is relatrvely large or wde 
(perpendicular to the hillside), the deposit displays a relatively flat top wth adjoining steep 
flanks (Figure 3 5-6) Where a remnant is small in extent, the deposit displays a knoll or 

mound morphology Some terraces have been almost completely eroded a flat erosional 
surface wth some surface gravels represents the only signs or remnants of  the terrace 

Lithologically, High Terrace Alluvium deposits exhibit a distrnct, fining upward sequence of 
lithic units This vertical strahficahon distinguishes these deposits from the surrounding non- 
stratified colluvium or slopewash High Terrace Alluvium deposits observed in the field 
usually consist of  a basal unit of  clayey or sandy gravel overlam by sandy clay clayey sand 
or an interbedded sequence of  both Gravel is subangular to rounded and ranges in size from 
pebbles to boulders Clays and sands commonly contam carbonaceous matter and roots 
Caliche commonly occurs throughout the deposit Predominant colors o f  browns and yellow- 
browns reflect heavy oxidation Less frequently occurnng colors consist of  grayish browns, 
brownish grays, and pale orange The only well (1886) that penetrated High Terrace 
Alluvium in the OU6 area is listed on Table 3 5-6 (see Appendix C3 for lithologic log) 

3 5 1 3  Vallev-Fill Alluvium 

Valley-Fill Alluvium as defined in this report is Quaternary (Wisconsin to Holocene) age 
alluvium that occurs wthin and adjacent to the present dramages (Plate 3 5-2) This 
designation includes alluvium forming low (less than 40 feet above the creeks) terraces along 
the drainages The age and strabgraphic relationships between these terraces is illustrated in 

Figure 3 5-5 Alluvium that may occur wthin the Valley-Fill designation used in this report 
include Louviers, Broadway, Pre-Piney Creek, Piney Creek, and Post-Piney Creek Alluviums 
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I 

I I designafion ! 

Valley-Fill Alluvium IS denved by the reworking and redepositron of RFA, HI& Tan i 
Alluvium, colluvium, and bedrock units exposed along the adjacmt hillsides V d e p F i  
Alluvium wthin the pond IHSSs (142 1-9, and 142.12) consists of pond sbdsmen 
(Appendix C4) Valley-Fill Alluwurrz ranges from 30 feet to 550 fat wde wthm th 

confined (20 feet to 250 feet wde) along South Wahut Creek upstteam from Pond B4, an 
w h i n  the unnamed tributary At the confluence af Walnut Creek, Vallsy-Fill A1I-u 
covers a broad plan adjacent to the crreks Where thts broad plan is hrmed, the low &ac 1. dranage for the A-Smes Ponds The Valley-Fill Alluvwm deposits are more narm 

alluwums named above are recogniztlsle 

Where penetrated by boreholes, Valley-Fill Alluvlum ranges m thickness fiom less than 1 f t 

to 10 5 feet in the unnamed tnbutary, less than 1 foot to 12 5 feet in Narth Walnut Cr 4 , 
5 5 feet to 10 5 feet in South Walnut Creek, and 0 5 feet to 14 7 feet in Walnut Cree4 
Lithologically the Valley-Fill Alluvlum consists predominantly of interbedded gravelly 'k4 
and sandy-to-clayey gravels The g r a d  is subangular to subrounded and ranges in sze fro4 
fine gravel (noted in dnll core samples) to boulders (observed in $re field, in excavafion$ anb 
roadcuts) 
Gravels and sands are pcbmmantly yelbw-bmwn an color Clay cdms are olive- to yilo* 

I 
I 
! 

South Walnut Creek drotnages, reJpecbvely These cross sectrons illustrate the rel&mnship t Figures 3 5-8 (B-B') and 3 5-9 (C-C') are geoloec cross %mons of Mxth Walnut Creek an 

I 
between the unconsolidated surface geologtc units and underlying bedrock units m the 
dramages Boreholes and monitonng wells that penetrated Valley-Fd1 Alluvrum in the OUh 
area are listed in Table 3 5-7 Lithologic vanatrons whin the Valley-Fill Alluvium a d  
shown on the lithologic logs (Appendtxes C2 a d  C3) for the boreholes and wells listed ob 
Table 3 5-7 

i - 

4 Clay, silty to sandy clay, and clayey to silty mad occur m lesser amo 

gray gray-brown and dark yellow-brown 

i 

I ' a  I 
Pond sediments wthin the dranages are also included wthin the Valley-Fill Alluvlud~ 
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3 5 1 4  Colluvium 

Colluvium is defined as unconsolidated geologic matenals that are predominantly deposited 
on slopes or at the base of  slopes by the transporting action of ramwash, sheetwash, or slow 
continuous downslope creep (Bates and Jackson 1980) Colluvial deposits at OU6 overlie the 
eroded bedrock surfaces on the hillsides (Figure 3 5-7) Colluvium whin the OU6 area is 
Holocene in age (Figure 3 5-4) and is the most commonly occurnng surface deposit covenng 
the hillsides of  the three OU6 dramages (Plate 3 5-2) 

Lithologically, colluvium consists predominantly of clay, silty clay and sandy clay The 
source of this material is the claystones, siltstones and sandstones of the Arapahoe and 
Laramie Formanons that underlie the hillsides Most o f  the above lithologies encountered in 

boreholes contain some (less than 15 percent) gravel and cobbles scattered throughout the 
matenal as described on the lithologic logs (Appendixes C2 and C3) This coarse-size 
material, where present, is denved from the Rocky Flats and High Terrace alluviums Less 
frequently encountered lithologies include clayey sand gravelly clay (greater than 20 percent 
gravel) and clayey gravel 

Colluvium along and onlapping the base of the RFA is typically coarser than the colluvium 
located further downslope, reflecting different source matenals Colluvium typically lacks 
any apparent bedding structures and is poorly sorted, reflecting its deposihon by gravity and 
absence of sorting by running water 

Caliche is common throughout the deposit, occurring as thin layers discrete nodules or is 
disseminated Carbonaceous matter is also common in the near-surface pomons of the 
deposit The deposit is usually highly oxidized, which is evident by mottled colors o f  brown, 
yellow brown and grayish orange Where the deposit is not highly oxidized gray and olive 
gray colors probably reflect the original color of the parent bedrock matenal Boreholes and 
monitoring wells that penetrated colluvium in the OU6 area are listed in Table 3 5-8 

Lithologic variations wthin the colluvium deposits are shown on the lithologic logs 
(Appendixes C2 and C3) for the boreholes and wells listed on Table 3 5-8 

The thickness of the colluvium in the OU6 area ranges from 1 8  feet to 10 feet The 
thickness of the colluvium is controlled, in large part, by the shape of the underlying bedrock 
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surface In areas of bedrock erosianal lows occurring along the 
thicker In areas where the bedrock surface occurs as a ndge, the m&vium is thinner 

3 5 1 5  Landrlidtg 

Dunng the OU6 Phase I field inveagabon, a number of landsfides were idenfifidgm 
mapped in the OU6 area (see Plate 3 5-2) Several landslides are located on the nod 
hillside, adjacent to South Walnut Creek and on the south hillmdes of North Walnut Creel 
and the unnamed tnbutary These landslides e d k t  ewdence of mass movement of  swfb 
soil and possibly bedrock ma!enals &ng rdrrdvely & a c t  curved slip d a c e  Args o 

hummocky topography reflect downslope creep of surface soils wth IK) observable headwart 

scarp 

Due to the absence o f  subsurface control, the extent of bedrock involvement is unkldowu 
Detachment scarps are usually developed along the head areas of landslide features Withii 
the OU6 area, some IandsPdes exhibit mulaple scarps suggestmg sequentd movement, whib 
other landslides show relatwely fresh (non-vegetated and most) scarp f- muggesbng recen 
movement V e r t d  displacement along these scarps was observed to be from appmmmatel: 
one to four feet 

Landslides on the south hillside of South Walnut Creek are u d l y  lo-slope frod 
I 

the alluvial or bedrock groundwater discharge areas The discharge of groundwater Increasd 
the water saturaaon wthin downslope soils which, in turn, leads to shear fsuiure of thrf 
matenal Some landslides on the north hillside of North Walnut Creek are also located 
downslope from groundwater discharm areas, while other landslide features occur at lowe 
elevabons near the creek 

I 

3 5 1 6  Man-made DeDosEts I 

Man-made deposits or mficial fill wtthin the OU6 area, were identsfied using inhrmatrod 
from histoncal reports, aenal photographs of the OU6 area for the years 1964, 1971, 1978.4 
1980, and 1986 field mapping of depoats dunng January 1994, and a geophysical EM-31: 
survey conducted in the Fall 1992 (-on 2 2 6) Several areas in OU6 wthin and odsidd 
of IHSS boundanes have fill matenal Disturbed ground wthin OWmnslsb of  areas h e r d  

I 

I 

I 
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surface soils have been removed, graded or otherwse disturbed dunng construcbon or 

interim remedial activities Three general categories of man-made deposits have been 
idenbfied reworked soil, debns dumps and imported fill The locabons of these deposits 
wthin OU6 IHSSs are shown on Plate 3 5-2 Specific areas o f  man-made deposits are 
discussed in Section 3 9 Other areas outside the boundmes o f  OU6 IHSSs that have had soil 
removed have been graded or are othewse disturbed are shown in Plate 3 5-2 

Matenal used in the construction of the dams for the A and B-Senes Ponds consists of 
aggregate and soil (DOE 1992b) Figures 3 5-8 and 3 5-9 (cross secbons along North and 
South Walnut Creek drainages) illustrate locabons and apparent construction material of  the 
dams Discussion of the construction of the dams for the A and B-Senes Ponds is found in 
Sections 3 9 2 2 and 3 9 3 2 

Boreholes and monitoring wells that penetrated man-made deposits in the OU6 area are listed 
in  Table 3 5-9 Lithologic variabons wthin the man-made deposits are shown on the 
lithologic logs (Appendixes C2 and C3) for the boreholes and wells listed on Table 3 5-9 

3 5 2 Bedrock Geology 

Shallow bedrock geologic units wthin OU6 consist of Cretaceous age claystones, siltstones, 
and sandstones of the Arapahoe Formation and the upper porbon of  the Laramie Forrnahon 
Scattered outcrops are exposed as a result of  stream incision along the North Walnut Creek 
South Walnut Creek and the unnamed tributary dramages (Plate 3 5-2) The Arapahoe and 
Laramie bedrock units underlie the unconsolidated surface deposits encountered in OU6 
(Figures 3 5-7 through 3 5-9) 

The current stratigraphic classification of the sandstones encountered at WETS is based on 
depositional environment determination and age-dating cntena Therefore, sandstones, when 
present in the bedrock sequence, were used to clan& the contact between the Arapahoe and 
Laramie Formabons Previous invesbgabons have proposed differing geologic ages for 
bedrock units wthin the OU6 study area These past nomenclatures and age assignments are 
briefly discussed here along wth the bedrock designabons used in this report in order to 
clmfL the current interpretation 
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1 ,  

The 1991 Geologic Charactenzabon Report (DOE 1991d) defined 2 least five mappable 
i sandstone intervals wthin the shallow bedrock beneath RETS TBIS r&rt desgnrrted these 

intervals as Sandstones No 1 through No 5, wth Sandstone No 1 being the s h a l l 0 4  

in geometry and cfiscontrnuous Tbe base of the Upper Cretaceous aga Arapahoe Format10 
interval and Sandstone No 5 being the deepest The sandstones were h b d  as lenbcul 

was tentatrvdy placed at the bottom of the No 5 Sandstone This rlesignetton made thb 

i 

intended to % e l v  

I 

i 

ard to strrutrgrapk an J 
! 

-1 

4 

Arapahoe Formatron approximately 130 fat thick in the central p o h n  of  RFETS I 
I 

The 1992 Phase n Geological Charactmmon Report (DOE 1 
inconslstencies among previously published geologrc maps WI 

structural interpretattons " This report defined the ArapahoeJLararrue contact at the base of 
the No 1 Sandstone based on the study of measured SdcttOBs, geoJogrc mapping, an 
sedimentary petrology Specifically, the report denpates the b m  of the Arapahoe Fornmtm 
as the base of a coarse sandstone wth chert pebble conglomerate in the Golden arm (60d 
1992~) This rewsed contact desigpatras results in an esfmated Arapahoe Fomtioq 
thickness of 15 to 25 feet in the central pornon of RFETS 
in the OU6 Phase I report wdl use this revised contact h e e n  the Araprdroe and Larami 
Formations, as designated in the 1992 report (DOE 1992c) 

I 
I 

Addittonally, in 1992, a palynologic study of bedrock core samples fiom tha RFETS site w q  

undertaken (DOE 199%) The study analyzed spores, polkn, dmofhgellates,~ acntarch 
(mmne plankton) collected fiom the bedrock matenals for detemtnatron of age an 

environments of deposrtron This study has tentatrvdy age-dated tbe geologrc units cfirectly 
beneath the No 1 Sandstone 8s lower to middle Maastnchtl 
Formatron) Analysis of samples collectedfkom the No 1 S 
claystone units did not yield definitrve age dates for these re* tend to. 
support the revised (DOE 1992c) Arapthdaramie contact designahon The study result8 I 

also indicate a fluvial environment for* Arapahoe No 1 Sandstone and a shallow marind 
Dr brackish martne water deposibonal ewronment for the Laramie san$stones (No 2 thrbugh 
No 5) The base of the Arapahoe Fonnatron is consrdered to be the No 1 Sandstone wthi 
the underlying claystones and siltstones designated as Laramie Format~on 

[n this report, sandstones encountered in outcrop nnd dnll core collected dmng the b W  
Phase I investigatron are classified as either Arapahoe No 1 Sandstone or as Laramlei 

I I  

Dtsdcrisslon of bedrock gad0 

~ part afthe 
awnk a ~ d  overiyin 4 

* I  

I 

I 

I 

I 

! 
I 
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formation sandstones based on lithologic charactenstics and the dip projection of  top of 
bedrock elevations (approxmately 1 5 degrees east) of  Arapahoe No 1 Sandstone from 
nearby areas Where the Arapahoe No 1 Sandstone was not encountered, no formaaon 
designation was assigned to claystones or siltstones due to the difficulty in determining the 
age o f  the units (DOE 1993c) Discussions of sandstone bedrock encountered in specific 
IHSSs are included in Section 3 9 

3 5 2 1  Clavstones, Siltstones and Sandstones 

Within the OU6 area, claystones, siltstones, and sandstones constitute the major bedrock 
lithologies Claystones are predominant and consist of varying degrees o f  sandy/silty 
claystones and claystones wth minor sand and silt (e20 percent) Claystones subcrop w h i n  
30 feet of  the surface in the OU6 area and vary from unweathered (gray to olive-gray) to 

extremely weathered (yellow and yellow-orange) strata wth iron-stmned and caliche-filled 
fractures Siltstones occur less frequently and consist of clayey siltstones and siltstones wth 

less than 20 percent sand and/or clay The siltstones vary from unweathered (gray to olive- 
gray) to extremely weathered (yellow and yellowsrange) strata Boreholes and monitonng 
wells that penetrated Upper Cretaceous claystone and/or siltstone in the OU6 area are listed 
on Table 3 5-10 Lithologic variations within the Cretaceouc claystone/siltstone interval are 
shown on the lithologic logs (Appendixes C2 and C3) for the boreholes and wells listed on 
Table 3 5-10 

Previously mentioned site-wide studies (DOE 1991d, DOE 1992c and DOE 1993c) state that 
the Arapahoe No 1 Sandstone was deposited in a fluvial environment as channel sands, point 
bars and overbank deposits The No 1 Sandstone is predominantly a clayey sandstone, fine- 
to medium-grained, well sorted, moderately to highly weathered (yellow and yellow-orange), 
with a sharp contact occurring between this sandstone and underlying claystones 

Outcrops of the No 1 Sandstone and the OU6 bonngs and monitonng wells which 
encountered the No 1 Sandstone are shown on Plate 3 5-3 The No 1 Sandstone outcrops 
occur along the roadcut wthin the western portion of IHSS 156 2 on the northern and 
southern hillsides below IHSS 216 1 and on the interfluve between North Walnut and South 

WaInut Creeks east of  IHSS 216 1 The top of  the No 1 Sandstone occurs at an 
approximate elevation of 5 910 feet in an outcrop north of  IHSS 216 1 (Plate 3 5-2) In an 
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outcrop south of  lHSS2216 1 elate 3 5-2), the base of the No 1 Sandstone occurs at ad 
approxlmate elevafion of  5,860 feet 

Bonngs and monitonng 4 1 s  dnlled or installed d i n  OU6 fwSSs 165, 156 2, and 216 I 
(Plate 3 5-31 encountered the NO 1 ssndstone in loca~ized arms, thus revealing an incompletd 
picture of the extent of this sandstone The top ofthe No 1 SaRdstone was encounterd 14 
to the No 1 Sandstone devahons qcountertd m OU2 and OU4 This correlatran s7 1 

bonngs and wells at elevations rangmg from 5,946 fett to 5,937 feet MSL, which correi 

Sandstone and underlying claysktnes observed wthm QU2 @OE 199343 and OU6 N i supported by textural characterrsbcs and &e similarity of the sharp sontact betwcen$he No 

boreholes penetrated the enhre No 1 Sandstone interval wtbia the O M  area, thus thego 
thickness of this sandstone una is unknown However, the No 1 S a a b n e  =&e OU3iare 
was up to 48 feet thick (DOE 1993d) Further discusson of correhons for the Arapaho@ 
No 1 Sandstone are presented in Sectron 3 9 

! 
Boreholes and monitonng wells that penetrated Arapahoe No 1 Sandstone in the OU6’are 
are listed on Table 3 5-11 Lidrologrc vmatrons w h i n  the Arapahoe No 1 Sandstone ar 1 
shown 011 the lithologic logs {Appenddtes C2 and C3) for the boreholes and wells listed on( 

Table 3 5-1 J ! 

I 
Sandstones encountered at strabgraphically lower elevahons t h ~  the No 1 Sandstone, are1 
considered m be part of the Laramie Formanon Limited informahon is avatlable (based on 
current subsurface control in the OU6 e a )  to evaluate the geomemes and lateral contgluity 

sandstones in this report The upper Larsmie Formahon, based on prawrous Studres @OE 
1991d DOE 1992~) consists predomnantly of claystones and altstones which directly 
underlie either the No 1 Sandstone or the surface deposits in the OU6 area CorrelationsI 
between facies cannot be determined based on the distances between outcrops and loca&onsl 

7 
i 

I 

1 

I 
1 

of the upper Laramie sandstones, therefore, no correlmons were mada for upper Laramiem I 

i 
I 

o f  bonng and monitonng well logs (hundreds of  feet) Locatmns of  bonngdmmtonng wellsI 
that encountered the Laramie Formatam and Laramie Formahon outcrops are s h o k  on; 
Plate 3 5-3 I 

I 
I 
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3 5 2 2  TOD of Bedrock Surface 

The top of bedrock surface wthin WETS influences groundwater flow and consequently 
contaminant migration pathways The bedrock geology, especially the top of  bedrock surface 
was charactenzed using avlulable data from the OU6 Phase I field investigatron, histoncal 
data and ongoing investrgations (Tables 3 5-1 and 3 5-2) Plate 3 5-3 shows the relief on top 
o f  the bedrock surface underlying the surface deposits 

Subsurface borehole control wthin the OU6 area is limited and is pnmanly found in OU6 
IHSSs where bedrock was encountered during the field investigatron The geometry of  the 
No 1 Sandstone and the bedrock surface are discussed in detlul in Secaon 3 9 for each IHSS 
Findings from the OU2 (DOE 1993d) and OU4 (DOE 19940 RFI/IU Reports concerning the 
No 1 Sandstone and the bedrock surface were incorporated, when appropnate, into the IHSS- 
specific discussions (SecQon 3 9) 

3 6 HYDROGEOLOGY 

3 6 1 Regional Hydrogeology 

t 

The Denver Groundwater Basin un,derlies a 6,700-square-mile area in Colorado, extending 
from the Front Range on the west to near Limon on the east and from Greeley on the north 
to Colorado Springs on the south The center of  the basin JS located south of Bennett 
Colorado, in western Arapahoe and Elbert Counties Alluvial aquifers, 20 feet to 100 feet 
in thickness, commonly occur in the valleys of large streams in the basin 

The four mqor bedrock aquifers occurring in the Denver Basin from deepest to shallowest 
are the Laramie-Fox Hills Aquifer the Arapahoe Aquifer the Denver Aquifer and the 
Dawson Aquifer The Pierre Shale underlies these units and, due to its great thickness (up 

to 8 000 feet) and low permeability (Robson et al 1981a and 1981b) is considered to be the 
base of the four bedrock aquifers listed above Descnptions of  the Denver Basin bedrock 
aquifers that exist beneath WETS the Laramie-Fox Hills Aquifer and the Arapahoe Aquifer, 
are presented below The Denver and Dawson Aquifers do not underlie WETS 
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Laramie-Fox Wlls Aauifer I 

The Laramie-Fox Hills Aquifer is composed of  the sandstone and siltstone wtts of the F 
Hills Formabon and the lower sandstone units of the Laramie Format~on (Figure 3 5-3) Thb 
thickness of  the aquiferr ranges from 200 to 300 f=t near the center of  the Denver 8asl 
(Robson et al 1981b) RFETS is located near the western boundary a€@e rqurfw Thq b 
of  the aquifer dips w y  to the cast sn tihe arek-&est &WETS and then 2 to 3 

the east beneath the site The upper Lumnie Formaon, which separates the unconsol 
Quaternary water-bmng units m OUCi.(Scctron 3 6 2) fiwn the underlypg I,aranrib.Fox f i l l  
Aquifer, consists of s e v d  hundred feet of daystones, n b m s ,  and some clayey OF si1 
sandstones wth occasional mal layer$@OE 1992c) i 

infiltraaon of  incident precipitation and as mfiitratmn of groundwater from shalbw a&w 4 In outcrop and shallow subcrop areas, recharge to the Laramie-Fox Hdls Aquifer occurs 

aquifers respecavely Outcrops of the Laramie and Fox Hitls Fotmattons, in clay pits-w 

of RFETS, are believed to be recharge areas for she aquifer (Rockwell 198%) T o 4  thf 
intenor of  the basin downward leakage may also occur through the upper Laramie Formkod 
from the overlying Arapahoe aqwfer (Robson et ai 193lb) Recharge -80 the L-ia~Fod 
Hills Aquifer from verhcal leakage thto~gh the upper Laramie is expected to be mimmal at 

I RFETS due to the s u b m a l  thickness of cllrystomes and sltstenes of the tipper Lar~uniq 

4 

4 

I 

! 

4 
I 

Formatron : I  I 
I 

On a regional s d e  groundwater mAthe Laramie-Fox HIHS Aquifer flows from owrod 
recharge areas toward the center of the brsln In the wcinity of WET'S, groundwater flow 

is generally from west to east (Hurr 1976) 

Armahoe Aquifer 

I 

In the centra4 part of  the Denvssgroundwater b a n ,  the Arapahoe Formaon wnsrsts of 4 
400 to 700 foot-thick sequence of interbedded claystones, altstonm, sandstones, and 

basin (Robson et al 1981a) Indiwdual sandstone beds are commonly lenttcdar aud range 
from a few inches to 30 to 40 feet in dickness (Robson et al 19Slar Beneath RFETS, the! 

majonty of  groundwater flow in the Arapahoe Formabon occurs in the lenbcular sandstones; 

conglomerates, w~th claystones and shale being more prominent in the northern third of thq I 
! :. 
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wthin the claystones The portion of Arapahoe Aquifer present beneath WETS at OU6 is 
not significant from a regional aquifer perspectwe because it is truncated by dramages on 
WETS and does not extend laterally from WETS to offsite areas 

Recharge to the Arapahoe Aquifer occurs by the same mechanisms described for the Laramie- 
Fox Hills Aquifer In outcrop and subcrop areas recharge occurs from infiltratton of incident 
precipitation and as infiltration of groundwater from shallow alluvial aquifers respectwely 
At WETS the Arapahoe Formabon sandstones are recharged from infiltratton of groundwater 
from overlying unconsolidated surface deposits On a regional scale, the pnmary recharge 
mechanism for the Arapahoe Aquifer occurs through leakage from the overlying Denver 
Aquifer (Robson et al 198la) 

Groundwater in the Arapahoe Aquifer flows from recharge areas at the edge of the basin 
toward discharge areas along incised stream valleys Groundwater also discharges from 
pumping wells (Robson et al 198la) 

3 6 2 OU6 Hydrogeology 

Saturated, unconsolidated surface deposits and weathered bedrock units of the Arapahoe 
and/or upper Laramie Formahons (Figure 3 5-3) are considered the hydrogeologic units of 
concern for the OU6 Phase I RFIM because of the potential for contamination and 
contaminant migration in these units Contaminant concentrattons in the unweathered upper 
Laramie Formation at WETS tire typically low and the Laramie-Fox Hills Aquifer exists at 
a substantial depth below WETS wth a substantial thickness of unweathered intervening 
claystones and siltstones separating it from the shallow units (DOE 1992c) Therefore, the 
upper Laramie Formation and the Laramie-Fox Hills Aquifer are not addressed in the context 
of OU6 hydrogeology because the potential for contamination of these units from site-related 
activities appears to be minimal 

Hydrogeologic conditions in the shallow geologic units at OU6 are influenced by local 
conditions local recharge, and interactions wth South Walnut Creek, North Walnut Creek 
and the unnamed tnbutary of North Walnut Creek The earthen dams in both North Walnut 
Creek and South Walnut Creek also influence groundwater flow In general groundwater in 
the shallow unconsolidated geologic units of OU6 flows from topographically higher areas 

(4047 910 0025 521)(R? 3)(9/2uSS 9 14 mX2) 3-25 



1 

! 

i 
(mesas) toward the drunages (creeks) that divlde the mesas Groundwater is then transmitted 
into and through the Valley-Fill Alluvium that underlies the creeks, dtimately discharpng 
to the creeks The shape o f  the top of  bedrock surfate strongly influences groundwater flo 
by concentratrng flow within erosional lows on the bedrock sudace Groundwater recharg? 
to the shallow unconsolidated units (Sectron 3 6 2 1 2) accurs prunanly as a result ofloc 
infiltratron of snowmelt, ramfall, and surface water within the OW area Groundpte 
recharge also occurs as d o w  to OU6 from upgradmt areas to the west and from OU2 
the south 

+ 

(UHSU), which consists o f  unconsokdated surface-depow (WA, Vattey-Fil1 Ahmum t The shallow, saturated hydrogeologic units at OU6 compnse the upper hydrostrabgraphic uni 

colluwum) and weathered claystones o f  the Arapahoe andor Laramie F o r m h s  that &e id 
hydraulic communicatron wth the saturated surface materials The Arapahoe No 1 
Sandstone and/or Laramie sandstones, where they appear to be in hydraulic c o m m w c h o  

I 
wthin OU6 is believed to exwt predominantly under utlconfined con&trons, howkerb 

i parhally confining condrbons may exist in the bedrock sandstones that are part of $he ukS€Jt 

I 
Groundwater level data used for the evaluatron o f  the U8S-U were collected h m  hrstdricq 
and Phase I monitoring wells wthin the OU6 area, as part of  the Rocky Flats Groundwatei 
Monitonng Program These data were obtund fiom RFEDS and are presentdd i d  

wth saturated surface matenals, are also considered to be part of  the UHSU The ZFHS d 
I 

P I  

I 

Appendix C5 I 

I 
Groundwater level data were used to crew UHSU groundwater hydrographs (Appdn~'C6)l 
the UHSU potentiometrrc map (Figure 3 6-1), and the saturated thickness map o f  s u r f 4  
matenals (Figure 3 6-2) The potentmmetnc surf- and saturated thickness maps 'krq 
prepared using all avlulable groundwater elevatron data from Apnl 1993 (Table 3 6-1) and 
pond water elevatron data measured Apnl 2, 1993 (Figure 3 6-1) Physical p t ~ t ~ ~ ~ ~ e t e ~  d a q  
used for the evaluatron of  the hydraulic propertms o f  the UHSU, were obtamed fro4 
histoncal aquifer test results (Table 3 6-2) Descnpbons of alluvial and bedrock matem4 
were obtmned from lithologic logs (Appendixes C2 and C3) 

i 

I 

i 
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Many OU6 historical wells were considered to be screened in hydrostrahgraphic units beneath 
the UHSU known as the Lower Hydrostrahgraphic Unit (LHSU) The LHSU underlies the 
UHSU and is composed of unweathered upper Laramie Formatlon clayey-silty sandstones, 
claystones and siltstones The lithologic units of LHSU exhibit low permeabiliaes relaave 
to the UHSU (EG&G 1991b) and are not considered to be in substantial hydraulic 
communication wth the UHSU 

Because the scope of the hydrogeologic evaluation included only the UHSU, it was necessary 
to disttnguish between wells screened in the UHSU and wells screened in the LHSU To 
distinguish between the UHSU and LHSU wells were evaluated in terms of the lithologies 
of the screened interval, groundwater elevations, top of bedrock elevations encountered, 
thickness of weathered bedrock, and groundwater geochemistry (Secaon 3 6 2 2) Wells 
screened in unconsolidated surface materials and bedrock wells wth geochemical data 
indicating the likelihood of hydraulic communication wth saturated surface matenals were 
considered to be UHSU wells Table 3 6-1 presents the UHSU and LHSU designaaon for 
each well listed and the cntena used to determine the UHSU/LHSU designatton 

3 6 2 1 1  Groundwater Flow Conditions 

Valley-Fill Alluvium 

Flow in the Valley-Fill Alluvium dominates the UHSU groundwater system in OU6 Valley- 
Fill Alluvium was deposited in the erosional lows along the bedrock surface underling the 
surface dramages of OU6 (North Walnut and South Walnut Creeks and the unnamed tnbutary 
of Walnut Creek) The erosional bedrock surface lows mimic the topography o f  the overlying 
surface drainages (Plate 3 5-3), which generally trend to the northeast in OU6 Groundwater 
in the RFA and colluvium flows into and is transported along flow pathways to the east- 
northeast in the Valley-Fill Alluvium (Figure 3 6-1) The approximate average honzontal 
hydraulic gradient in the saturated Valley-Fill Alluvium is 0 035 feetlfoot 

The saturated extent of Valley-Fill Alluvium measured perpendicular to the direction of  flow, 
ranges from approximately 200 feet to 500 feet The maximum observed saturated thickness 
of the Valley-Fill Alluvium measured in Apnl 1993 was 12 6 feet at well 1986 located 
southwest of IHSS I43 (Figure 3 6-2) Typically, the saturated thickness of alluvium in the 
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I 

The RFA is present in weas north and south of  the current landfill, and on top of the m 
between the dramages (Plate 3 5-2) Groundwater occurrences in RFA are limited in the OUd 
area Groundwater flow in saturated porbons of the RFA is  generally to the northeast, W I ~  

a honzontal hydraulic gradrent of approwmately 0 03 feedfoot, followng the topognphi6 
I 

trend of mesas capped by this lithologtc unit The maxlmum observed saturated thiches$ 
af RFA, measured IR Apnl 1993, was 10 2 feet at well 7187 located south of IHSS $67 1 
(Figure 3 6-2) Groundwater flow in the vicinity of this well is generally to the east 

drrunage 
discharging to colluvium and thm into the Vdley-Fill Atluvrum wdrin the unnamed tnbu 4 

i 
1 
i 

’ fistoncal and OU6 mo&nng well water level data (Table 3 6-1 andFigure 3 6-1) showrha 
much of the RFA is unsaturated, although tho cxtent ~f saturated RFA 1s not well definedl 
Well data indicate that the RFA is unsaturated in $re upgdertt-(westem) areas of the mes(L4 
that separate the Walna Creek tributaries However, areal recharge due to pnctptaaon mad 
provide adequate recharge to saturate the RFA in some areas of the mesas dunng certrtur ttmg 
penods of  the year 

i 

‘ I  
I 

Groundwater seepage from RFA potent~atiy occurs where saturated RFA and bedrock are 10 

contact along the slopes of the mesas In the W 6  area, groundwater seepage occurs id 

limited areas, as shown on Plate 3 5-2 RFA seeps are evldent in several small northed 
i tnbutanes to the unnamed tributary Anather RFA seep is ewdent in a small dramage n o 9  

of IHSS 165 and outside of the PA Seepage from the RFA appears to discharge td 
colluwum before discharging to the ground surface in these areas Seepage of groundwatei 
ongmatmg in O U ~  is shown atong &e southeastern dope of the South Wdnut Cree$ 



drainage The absence of seeps along the slopes of the mesas that separate the OU6 
dranages suggests that the degree of saturanon of RFA in these areas is limited OU6 
alluvial seep locations and associated downslope vegetanon areas were mapped by visual field 
observation in Fall 1993 This seep-related vegetanon typically consists of cattmls balfic 
rushes, woody bushes, and other phreatophytes 

Colluvium 

Colluvium consisting of generally fine-gramed soils (silt and clay) and some gravel covers 
the hillsides of OU6 In these areas, the potennometnc surface exists below the top of 
bedrock, and UHSU groundwater flow occurs only in weathered bedrock that underlies 
unsaturated surface matenals Groundwater flow in weathered claystone occurs in the vicinity 
of wells 3086 (north of the Solar Evaporabon Ponds), B206689 (north of IHSS 166 3), and 
B206889 (southeast of Landfill Pond) (Figure 3 6-1) 

Weathered UHSU Bedrock Units (Arapahoe and Laramie Formanons) 

The UHSU includes saturated weathered andlor fractured claystones and sandstones of the 
Arapahoe and Laramie Formabons which subcrop beneath and/or are in hydraulic 
communication wth saturated alluvium or colluvium Wells B206189 (landfill area west of 
OU6) and P219589 (southeast of the Solar Evaporahon Ponds) are screened in weathered 
claystones that subcrop beneath saturated alluvial matenals Groundwater elevations in these 
wells indicate that the claystones are hydraulically connected to the saturated alluvial 
materials (Figure 3 6-1) 

Well 76292 (wthin IHSS 165) and wells P208989 and P209489 (north of Solar Evaporation 
Ponds) (Figure 3 6-1) are screened in weathered bedrock Groundwater elevanons in these 
wells indicate that the groundwater flow direction is generally to the north in this area The 
interceptor trench system (also known as the french dram), located north of these wells 
(Figure 3 6-1) was constructed to collect shallow groundwater flowrng from the Solar 
Evaporation Ponds area and was installed at the approximate top of bedrock 

A subcropping Laramie sandstone was encountered beneath the saturated alluvium found in 
well 1 186 (east of Pond A-4 Figure 3 6-1) Although well 1186 is screened in alluvium it 
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is expected that the h a m e  sandstone in direct contact wrth tRe alluvium is d 4  
hydraulically connected to the alluvial unit at this locatton and may be locally part of thd 

I 
i UHSU 

3 6 2 1 2 Reebarne Areal groundwater recharge to the UHSU occurs &om Qrect infiltm&o 
o f  local precipitation, and by seepage from surface water features sudt as ponds, creeks, an 

htches The rate o f  areal recharge is generally highest dunng the late wnter and spnn 

temperature and higher evapotranspirahon in summer m a d s  tend to BuRlmm the recbarg 
rate dunng summer Recharge IS also minimal dunng fall and early wmtw months, dpe 
the low precipimon that occurs dunng those months The net md g r o m h e r  r d a r g  
rate resultmg from infiltrabon of preapitabon ranges from I B inch to 1 3 inches per yeat 
(DOE 1993d) This is approxlmately 7 to 9 percent of the average annual preapitatwn of 

15 inches per year received at RFETS 

fluctuations in groundwater elevabons that occur in response to seasonal precipitabon t”i Seasonal a d  recharge effects on the OU6 UfiSUgroundwater system are &tatted by 

Alluvial groundwater levels typically nse in the spnng, due to recharge and then d e c r q  
dunng summer and wnter months until spnng o f  the followng year when the seasonal ~ycld 
begins agam Hydrographs for alluvial wells 1386,2886, 3586, 3786,7287, and P207884 

due to recharge were as great as 5 fa (well 2886) dunng the penod March 1992 to Apn i (Appendrx C6) illustrate these seasond groundwater level fluctuatums Water level chang 

1992, a two-month penod dunng whtch approximately 3 inches ofprecrplwon was record4 
at RFETS 

I 

I 

seasons when precipitation is high and evapotranspiration is low The effects of increas j 
4 

i 
I - _  

Surface water from the A and 8-Senes Ponds, located in the North Walnut Creek and Soud 
Walnut Creek dramages, respectwely, infiltrates the subsurface units and prowdes anothed 
source o f  groundwater recharge w h i n  OU6 The unnamed tnbutaty, North Walnut Creek: 
and South Walnut Creek also recharge groundwater to OU6 due to infiltration of swfacd 

! 

water espmally significant dunng prectpitahon events * i 

Groundwater inflow across upgradient boundanes o f  OU6 also provide potentially significant 
sources of recharge to the UHSU Groundwater flow directlons and hydraultc grdend 
observed in Apnl 1993 (Figure 3 6-1) indicate flow into OU6 from the present Landfil! e 
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(IHSS 114) and from upgradient areas in the South Walnut Creek dramage The 
potentiometric surface in the Landfill area indicates that there are two principal potential 
components of groundwater flow (1) flow to the east and northeast along the unnamed 
tnbutary dramage, and (2) flow to the southeast where groundwater flows toward the South 

Walnut Creek dramage The flow component to the southeast from the Landfill area is not 
well defined however it does appear to be a source of  groundwater recharge to OU6 

Groundwater flow to the east and northeast occurs in the area of  the Old Outfall (IHSS 143), 
located west of the OU4 french dram, installed in saturated surface materials Another source 
of OU6 groundwater recharge is discharge from bedrock and alluvial seeps along the south 
slope of South Walnut Creek dramage (Figure 3 6-1) Seepage discharge from these 
lithologic units flows into the colluvium on the hillside and flows downhill, discharging to 
the Valley-Fill Alluvium in the dramage or the flow may discharge from the colluvium onto 
the surface and be evapotranspirated 

3 6 2 1.3 Hvdrrulic ProDerbes and Eshmated Groundwater Flow Velocrhes Emmates 
of hydraulic conductivity for the UHSU wthin OU6 are based on aquifer tests (drawdown- 
recovery packer and slug tests) conducted on wells installed in 1986 and 1987 Hydraulic 
conductikitres screened interval lithologies and data sources for the tested wells are 
summarized in Table 3 6-2 

Valley FI I I  Allubium 

Hydraulic conductivity data were avadable for three wells screened in Valley-Fill Alluvium, 
wells 1586 1786 and 3586 where the estimated values were 4 3E-05 cenbmeters per second 
(cm/sec) 4 8E-06 cm/sec and 1 4E-04 cm/sec respectively The lithologic description o f  the 
screened intervals at wells 1586 and 1786 indicate the material may be finer-gramed than the 
material described for the screened interval at well 3586 The geometric mean o f  these three 
results is 3 1E-05 cm/sec The average groundwater flow velocity (average linear velocity) 
for the Valley-Fill Alluvium was estimated to be about 10 feevyear, based on the geometnc 
mean hydraulic conductivity, the estimated average hydraulic gradient for Valley-Fill 
Alluvium (0 035 feedfoot) and an assumed effectwe porosity of  10 percent 
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Rocky Flats Alluvium 

!eS&ateight well , 
ranged from 6 4E-05 to 1 3E-03 cm/sec (Table 3 6-2) The geometnc mean of  the tesults i 
5 OE-04 cm/sec The average groundwater flow velocity for the RFA was &mated to b 
about 150 feeeear, based on the geometnc mean hydraulic conducbwty, the earnate 1 Hydraulic conductwty values for the RFA, based on results from 

average hydraulic gradient (0 03 feet/fm), and an assumed e€feCave Porostty af 10 percen{ 

I 
Weathered UHSU Bedrock Units (m and Laram i t  Forinat~w 

I 
One hydratilic conductiwty value reported at 86E-07 cdsec for the weahere# 
Arapahoe/Laramie Formaon claystone was obtrurred for well 3086 "%Is well was screenu(l 
from approximately 2 5 feet to 15 feet 11% bedrock No aquifer temng data for weuthereq 
UHSU sandstone were avadable for OU6 Calculated udues of hydraulk mnductwtw fo 
the Arapahoe Na1 Sandstone from pumping test measurements pedbnned m OU2 riin 
from 3 7x 1 o-' cm/sec to 6 2x 1 O4 cdsee (DOE r'993d) The Arepahoe No 1 Sandstone iS no 
extensive in OU6 (Section 3 5 2 1) therefore, the hydrdic conducttwty value for th4 

claystone at well 3086 may be more representatwe of condittons in weathered bedrock wthid 
OU6 Groundwater velocity was not -mated for weathered bedrock due to a lack of datal 

I 
However, based on relave hydraulic conductnmes, the velocity is expected @ bq 
substantrally lower than that of RFA and Valley-Frlf Alluwum 

36.22 Groundwater Geochemistry 

The groundwater geochemistry of the UHSU in RFETS background areas and in OU6 
evaluated to determine (1) i f  it is appropnate to use RFETS background groundwater dat 

for a compmson of inorganic concentrafions in OU6 groundwater, and (2) which wellsl 
screened in weathered bedrock should be considered UHSU welts (Sectron 3 6 2 1) 

3.6.2.21 JBac keround Groundwater Geocbe m1stry A detarled evaluation of groundwater1 
geochemrstry for RFETS background areas was presented in the Final Backgmund; 
Geochemical Charactenzmon Report (DOE 1993e) Sttff dtagrams were used in the/ 
evduatron to demonstrate vanmons In water type wthin U"SU groundwater ana to' 
distmguish UHSU groundwater from LHSU groundwater The diagrams are graphical 1 

I 
l 
I 

I 

4 
I 

I ! 
.' i 

i 
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depictions o f  water geochemistry in which dissolved concentrabons of  major cabons (Na' 

K', Ca+2, Mg", and Fe'2) and major anions (C1 , HCO, SO, and CO, ') were expressed in 

milliequivalents per liter (meqll) The wdth of  a Sbff diagram is an approxirnatlon of the 
total ionic content and may be an indication of the residence trme of groundwater in water 
beanng units An increasing ionic content or total dissolved solids (TDS) concentrabon is 
directly proportional to increased residence bme (DOE 19924) Well locations wth narrow 
Stiff diagram patterns (low TDS) are likely receiving recharge from surface or near surface 
sources 

Background groundwater wthin the UHSU (1 e ,  Valley-Fill Alluvium, RFA, colluvium, and 

weathered claystones) and LHSU unweathered sandstone(s) is descnbed in terms of Sbff 
diagram results in the followng section The locations of background monitoring wells used 
in the Stiff diagram evaluation are shown on Figure 3 6-3 Groundwater from most of the 
UHSU background wells is a calcium-bicarbonate water wth low TDS (Figures 3 6-4 through 
3 6-7) The Sbff 

diagram results suggest that it is reasonable to group weathered claystones wth the 
unconsolidated surface deposits into a single hydrostratigraphic unit that receives recharge 
from surface or near-surface sources (i e the UHSU) Groundwater in the LHSU background 
wells is similar to UHSU groundwater in terms of  TDS but cin be distmguished from UHSU 
groundwater on the basis o f  sodium (Na') and potassium (K') meqA versus calcium (Ca") 
meqfl (Figure 3 6-8) LHSU groundwater is typically higher in Na' and K' than in Ca+2 
while UHSU groundwater is typically higher in Ca'2 

There are a few exceptlons in colluvial and weathered claystone wells 

Vallev-Fill Alluvium 

Stiff diagrams from SIX Valley-Fill Alluvium wells (B 102289, B 102389 B202489, B202589, 
B302789 and B302889) located in the WETS buffer zone, are shown on Figure 3 6-4 
Groundwater from each of these wells is a calcium-bicarbonate type water The lowest ionic 
concentrations were found in wells B102289 and B102389, located northwest of the WETS 
security area in the Rock Creek drainage and upgradient of  wells B202489 and B202589 
Wells B302789 and B302889 located in the southeastern buffer zone had the highest ionic 
content of  the Valley-Fill Alluvium wells 
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Rocky Flats Alluvium 

Stiff diagrams from eleven RFA wells (B200589, B200689, B2007SS# B200889, B4QO18! 
B400289, B400389, B400489,3405586, B405689, and B405789), LstiIbuted m the north an 

southwest part of the buffer zone, mLcate that groundwater in the RFA is a dcim 
bicarbonate-type water (Figure 3 6-5) Concentraaons of the maJor mons and aniohs i 

these wells are generaliy low, suggesbng the likelihood of short residence bmt fc 
groundwater in this geologic unit Recharge to groundwater, due to mfiltrabon of in@dsr 
precipitation appears to be a significant factor in this geologic unit The backgruundkell 
(B400389 and B405689) screened i n  RFA that cantatn the lughest ionic content are locate 
In the buffcr zone southwest of the RFETS sacuflty area 

Col luvi urn 

Sttff diagrams from wells 3201 189, B201289 B201589, and B205589 located in &e nort 

buffer zone md well B401989, located in Ke soiithwest buffer =ne, represent colkvir 
groundwater (Figure 3 6-6) Groundwater in wells B201589 nnd B401989 appears to be 
calcium-bicubonate-type water wth b w  lev& of TDS Groundwttm in well B20128 
appears to be I calcium sodium potassium-sulfate-type water wrfb significanfly higher TD1 
concentrations indicating long residence bme of groundwater at &is well Wells B20118' 
and BtO5589 have amdar m i c  contap, indrcttrng sadtum -ran &m-brcarbonate 
type water 

i 

L 

Weathered Clavsto nes (Areoahoe and Laram ie Forma- 

Stiff diagrams from wells B203 189, B203289, B203489, B#)4389, B305389,-rurB B4OS489 
located in the buffer zone, are h w n  on Figure 3 6-7 Groundwater from background well 
screened in weathered claystones of the Arapahoe or Larmie Formation is  typically (I 
calcium-bicarbonate water type wth ICrw ionic content Groundwater from well B304889 14 

I 

I 

c - . T r -  -_I--- I * ----------- 
unth high ionic content The water type at B304889 IS mor6 typical of the LHSU tlnn thd 
UHSU (DOE 1993e) and it appears thatthe residence bme of  the sampled groundwater at thi 

well is significantly greater than at other weathered ciaystone wells With the exceptton o 
well B304889 it seems appropnate to group these wells wth the UHSU 
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Unweathered LHSU Sandstones 

Stiff diagrams from wells B203789, B203889, B203989, B204189, B304289, B304989, 
B304289, and B402189 screened in unweathered LHSU sandstones are shown on 
Figure 3 6-8 Groundwater in wells B203789 B203889 and B203989 located in the north 
buffer zone, is a sodium/potassium-bicarbonate-type water wth low TDS concentrations 
Well B204189 also located in the north buffer zone, has significantly higher TDS levels and 
has a sodium/potassium-sulfate water type Groundwater in well B304289, located in the 
south buffer zone, has relattvely low TDS concentrations and appears to be a 
sodium/potassium-bicarbonate/chlonde water type The Shff diagram for well B304989, 
located in the southeast buffer zone indicates a sodium/potassium-chlondehicarbonate water 
type wth moderate TDS concentrations The wells descnbed above show groundwater 
geochemical conditions typical o f  the LHSU 

Two other wells B402189 and B405889 located in the southwest buffer zone, appear to be 
screened in a lithologic unit that may be part of  the UHSU They show calcium-bicarbonate 
type water at frtlrly low TDS concentrations These wells were included however wth the 
LHSU in the Background Geochemical Report (DOE 1993e) 

I 

3 6 2 2 2 OU6 UHSU Groundwater Geochemistry Evaluation of OU6 UHSU groundwater 
geochemistry Involved assessing the pH and Sfiff diagrams o f  groundwater in vmous OU6 
wells The median groundwater pH value calculated from 679 field measurements at 70 
locations was 7 3 These field measurements were made dunng the penod beginning third 
quarter 1990 and ending fourth quarter 1993 

Stiff diagrams for wells installed wthin OU6 (Figure 3 6-9) and neighbonng OUs were 
prepared using analyttcal results from selected wells to charactenze the inorganic chemistry 
of UHSU groundwater Supporting calculaaons for each of  the Stiff diagrams are presented 
in Table 3 6-3 

Stiff diagrams indicate that meq of  Ca'2 were greater than meqs of  Na' plus K' in all selected 
OU6 UHSU wells Boring logs from the OU6 Phase I investtgation (Appendix C2) indicate 
that caliche is present often in abundance in surface geologic matenals wthin OU6 Caliche 
IS composed of calcium carbonate (CaCO,) which when leached by infiltrating precipitation 
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provldes a source of Ca2' and bicarbonate (HC03 ) tons to gmundwatet Discussions of Sa' 
diagram results for selected UHSU wells are presented betow 

Saff diagrams from Valley-Fill Alluvium wells 1386, 1586, and 4287, located in the nor! 
buffer zone, indicate a calctum-brcarhonate water type (Figure 3 6-9) The 'TD 
concentraaons in these wells are relatpdy low, suggehng;drat the Valley-Fill Alluvlwm i 

OU6 is recharged from surface or near-surface sources A Strff warn for well 198( 
located in the southwest buffer zone aad screened In VaIley-EQI Ailuvmm, abbi ts  a SO&UI 

potassium-bmrbonate-type water hgeneral, the Vailey-PiIl Ailwum wells in OU6 an 
background areas have similar water types and TDS mncentt%ons 

Rocky Flats Alluvium 

Saff diagrams for RFA wells 6487,7187, and 7287, located m t ? m d  buffer zone, indicat 
the presence of calcium-biaubonate+pe water (Figwe 3 6-9) The TDS conccntratratp fa 
these wells are relaavely low, as indicated by their narr~w S M  diagrams, stiggestmg t h a  
recharge to the RFA occurs from surfrce or near-surface souiies of water 

Weathered UHSU Bedrock W nits and m e  F- L 

I 
I 

St~ff diagrams were used to disknguish UHSU weathered W o c k  wells from wells screwned 
in LHSU bedrock Well 76292, located m the eastern PA, and wells B206189, B206589; 
B206689 and B208789, located in the north buffer zone, exhibrt the calcium-bicarbonaktyp 
water typidly found in wells screened in unconsohdatd surface matends (Figure 3 6-9) 

This suggests that these wells arc screened in wehered bedrack that as hydrauliullyl 
connected to saturated surface maten& Therefore, these wells are consldered part of the! 

! UHSU 

i 
I 

0 
f 

l e  
L 
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Unweathered LHSU Units 

Wells 1486 (sandstone), 1686 (siltstone/claystone) B210389 (claystone) B207089 (claystone) 
and P210089 (claystone, siltstone) exhibit water types that are considered to be representative 
of  the LHSU Each of these wells exhibit higher Na' and sulfate (SO,') concentrations than 
UHSU wells The higher TDS concentratlons shown for these wells indicated by the wder 
Stiff diagram patterns suggest that the screened lithologic units o f  these wells are not 
strongly influenced by surface or near-surface sources of recharge water Higher TDS 
concentrations also suggest that the residence time of  groundwater in these units is longer 
than that of  the UHSU 

Companson of OU6 and Background Groundwater Geochemistrv 

Stiff diagrams from background wells (Figures 3 6-4 through 3 6-8) indicate that the 
predominant UHSU water type in WETS background area groundwater and OU6 area 
groundwater is calcium-bicarbonate Groundwater in the UHSU in both background and OU6 
areas is strongly influenced by recharge from near-surface sources, and the residence bme of 
groundwater in both areas is short Caliche found in unconsolidated surface matenals at 
RFETS may be the source of calcium, a dominant component in the UHSU groundwater 
geochemistry In background and OU6 areas 

The similarities between groundwater in the WETS background and OU6 areas suggest that 
similar hydrogeologic conditiorts exist in the two areas Similarities between groundwater 
from both areas suggest it is appropnate to use WETS background data for compmson wth 
OU6 groundwater data in the selection of  UHSU chemicals of concern for various metals and 
radionuclides 

3 7 SURFACE WATER 

RFETS lies wthin the drainage basins of  Rock Creek and Big Dry Creek which are 
tributaries to the South Platte Rwer Walnut Creek is a tributary to Big Dry Creek and drams 
approximately one-third of the RFETS site including most of the security area (Figure 3 7-1) 
The headwaters of Walnut Creek are approximately 1 5  miles west of  RFETS near the 
foothills of  the Colorado Front Range Only a small percentage of the Walnut Creek dramage 
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area is west of RFETS due to the proxlmity o f  the Coal Creek drain- to the north and thq 

diverted around Great Western Reservoir by the Broomfield Diversmn Ditch since Gre 
Western Reservoir is used by the city o f  Broomfield as a d n n h g  water supply 

The OU6 IHSSs lie within the Walnut Creek dmnage a r k  as shown on Figure 3 7-1 Thd 
four major tnbutanes to Walnut Creek are South WaEaut Creek, North Walnut Geuk 
McKay Ditch, and an unnamed tnbutaty, sometrmes referred toe No,Nme &1 

b 

Woman Creek drlunage to the south Walnut Creek leaves RFETS at+ndLanr Street and 

I 
I 

4 (Figure 3 7-1) I 

I 
! 

c I 
3 7 1 Drunage Patterns of Walnut Creek and Its Tributaries I 

i 
One of the predominant features o f  the walnut creek dratnage arm iq&e h a y  impetpowj 
nature o f  the RFETS secunty area (Swtron 3 74) Runoff from the secunty area-flows 
North Walnut Creek and South Walnut €'reek which are intermittent streams that dram aIl bu 
a small p& of the RFETS secunty area (Figure 3 7-1) These creeks also rcgmve runoff fro 
the adjoining buffer zone South Walnut Creek mginates nqar the center of the R€!ET 
secunty area Baseflow in the upper reaches o f  South Walnut Creek is due to hscharges o 

building footer dram as well as flow from several seeps along the south bank of the creek 
North Walnut Creek begins just e m  of the McKay Diversion Canal and fkws along th 

northern boundary of the RFETS security area The baseflow in North Walnut Cr4k  i 
augmented by seeps and footer b n s  

i 
- 

i 
I 
! 

The flow of North Walnut Creek is d&uned by the A-Smes Ponds and the flow of south 

Creek the unnamed tnbutary, and South Walnut Creek converge downstream oftbe ponds! 
to form Walnut Creek At approxlmately 1,300 feet downstrtam of  this convergencq thd 

I McKay Ditch flows into Walnut Creek Just upstream of the eastern RFETS boundary,, 
Walnut Creek flows through the W&I Pond The history o f  this pond is discussad 111; 

Section 1 3 2 5 Walnut Creek flows to the Broomfield Diversion Ditch and around Grad 
Western Reservoir, located approwmately 0 3 miles east of  the eastern boundary o f  W E T S  

i 

Some of the Walnut Creek surface water drlunage area is not hydrologically associated wth/ 
the WETS secunty area or the A and B-Senes Ponds The area west o f  the securrty area asl 

Walnut Creek is detruned by the B-Scnes Ponds, Shawn on Figure 3 7-1 North W h u  1 
I 

! 

I 
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well as much of the area north of the secunty area and south of the Rock Creek dramage are 
included in the Walnut Creek dramage Surface runoff west of the WETS security area is 

diverted around this area by the McKay Diversion Canal (sometimes called the West 
Diversion Ditch) and the McKay Bypass Canal (somebmes called the Walnut Creek Diversion 
Canal) which flow into McKay Ditch as shown on Figure 3 7-1 Surface runoff in the area 
north of the WETS security area dram to McKay Ditch or the unnamed tnbutary both of 
which flow toward Walnut Creek Flow from the McKay Ditch or the unnamed tnbutary 
rarely reaches Walnut Creek due to infiltration and evaporahon (EG&G 1994a) 

3 7 2 Pond operations 

Operations of the A and B-Series Ponds along North Walnut Creek and South Walnut Creek 
respectively, are described herein Site descnpbons and histones of IHSSs 142 1-9 are 
presented in Sections 1 3 2 3 and 1 3 2 4 

All flow in the B-Series Pond system is eventually detamed in terminal Pond B-5 Pnor to 
September 1990, water in Pond B-5 was monltored for water quality before discharging to 
South Walnut Creek, in accordance wlth WETS National Pollutant Discharge Elimination 
System (NPDES) permit Since September 1990, Pond B-5 water quality has been monitored 
and then pumped to terminal Pond A-4 in North Walnut Creek 

Ponds B-1 and B-2 which are reserved for spill control and flood control are isolated from 
the rest of the B-Series detenhon pond system by a bypass that routes upstream flows to 

Pond B-4 Pond B-3 is used as a holding pond for sanitary STP effluent Flow from the STP 
to Pond B-3 is generally constant at approximately 150,000 gallons per day The normal 
discharge of Pond B-3 is to Pond B-4 on a dady basis during daytime hours For a short 
penod of time in 1989, Pond B-3 water was pumped to a spray irngation system at the East 
Spray Field Area (IHSS 216 1) (Figure 13-3) This temporary practice was discontinued 
because slow water evaporabon resulted in high volumes of surface runoff 

Ponds B-4 and B-5 receive surface water runoff from the central portion of the WETS 
security area via a bypass line that diverts the runoff around Ponds B-1, B-2, and B-3 Dunng 
large runoff or snowmelt events estimated to occur one or two times per year (EG&G 
1994b) surface water runoff is routed to Pond B-5 through the Central Avenue Ditch 
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(Figure 3 7- 1) Dunng smaller events, Pond B-5 receives 104 runoff m well as flow-througl 
dramage from Pond B-4 

Between 1952 and 1979, Pond A-1 was used to hold laundry m e w a t e r  and other liqulr 
waste discharged into North Walnut Crealt from the northern prodoctron fwdrtm~, througl 
the Old Outfall Area (IHSS 143) Afotr the coastnrmon of Pond A-land pnor to 1978, thc 

water of Pond A-1 was released into Pond A-2 and drsposd of  6y natural and kprq 
evaporafion Pond A-1 is presently d for spdl-coatrol managem,  and receives on11 

local sdace  runoff and seepage that may occur in the area. 

Pnor to 1993 the water from Pond B-2 was pumped to Pond A-2 once per summer wa ai 

underground pipetine (Figure 1 3-3) Like Pond &I, Pond k 2  IS presently used for spill, 

control management, aad receives only local surface runoff and stepage that may occur new 
this area Spray evaporation of watsr from both Ponds A-1 and A-2 was performed bj 
spraying the water onto the pond surfkes and banks. S p y  eyBpafBtLon from Pond A-1 anc  

Pond A-2 was discontmued in 1993 @G&G 199Sa) 

Flow in North Walnut Creek, includiq surface water runoff from the nortitem produchor 
facilihes is diverted around Ponds A-f and A-2 and channelled into Pond A-3 via the A-I 
Bypass (Figure 1 3-3) The water is tempormly detaned in Pond A-3 befme being relkec 
into Pond A-4 

Histoncally, Pond A-4 received waterfkom Pond A-3 only Presently, Pond A-4 reeaivea 
water from Pond A-3 and water that is pumped from Poad B-5 The water m Pond A94 is 

treated by a granular actwated carbon (GAC) filtrabon system and screen filter before b i n e  
discharged downstream into Walnut Creek, i f  needed to meet water qu& standards far am 

NPDES permit 

The W&I Pond (IHSS 142 12) is downstream of Pond A-4, located approxlmataly 0 5-miles 
east of the confluence o f  North Walnut Creek and South Walnut Creek Discharge from the 
W&I Pond occurs when the capacity of the pond becomes high enough to flow out and 
downstream into Walnut Creek Because the W&I Pond IS re&ively small (actual caplpcity 

has not been measured by surveying), a relatively insignificqmt amount of water released &om 
Pond A-4 IS detamed in the W&I Pond 
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3 7 3 Pond Capacity 
\ 

I 

Pond capacity data and total runoff volumes, in acre-feet (ac-ft), for terminal Ponds A-3 A-4 
B-4 and B-5 are presented on Table 3 7-1 These terminal ponds receive storm runoff from 
the RFETS secunty area which is diverted around Ponds A-1, A-2, B-1, B-2 and B-3, 
through a system of bypass channels previously descnbed in Section 3 7 2 As shown in 

Table 3 7-1 terminal Ponds A-3 A-4, B-4, and B-5 were designed to hold surface runoff 
from very large precipitation events 

The A-Series Ponds are suficiently large enough to hold estimated runoff from the 25-year 
and 100-year precipitabon events These precipitation events refer to very large storms which 
only occur once in 25 (or 100) years Ponds B-4 and B-5 are not sufficiently large enough 
to hold runoff from a 100-year IO-day event, as evidenced by the runoff volume of 146 
percent of the combined capacibes of Ponds B-4 and B-5 Since releases from Pond B-5 are 
pumped to Pond A-4, it is appropnate to consider the combined capaciaes of Ponds A-3, A-4, 
B-4 and B-5 The total capacity of these terminal ponds is 212 ac-ft a volume sufficiently 
large to contrun the 174 ac-ft of runoff from the 100-year IO-day event (Table 3 7-1) 
Relationships between pond volumes, surface area, and water levels (1 e ,  stagektorage and 
stagelarea functions) for the A and B-Series Ponds are presented in the Memck Pond Survey 
(Merrick 1992) 

Except in the case of an extreme precipitation event, pond levels and volumes are mantamed 
well below capacity The volume of water in Pond A-4 dunng the summer of 1992 is 
presented on Figure 3 7-2 Total precipitatton from June through September of 1992 was 6 2 
inches, which is slightly below the average precipitabon of 6 3 5  inches during these months 
according to WEDS data Dunng the summer of 1992 the peak volume of  Pond A-4 was 
65 ac-ft (65 percent of capacity) This volume was the highest recorded during the penod 
May 1990 through December 1993 The lowest volume observed dunng the summer of 1992 
was 15 3 ac-ft (15 3 percent of capacity) The average recorded volumes for June through 
September 1992 is 47 ac-ft (47 percent of capacity) The largest storm event recorded during 

this period was almost two inches of ram on August 24 1992 This storm event had very 
little impact on the volume of water in Pond A-4 (Figure 3 7-2) 
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The volume in Pond A-4 dropped dramatically dunng and after penods of released 
(Figure 3 7-2) The two starhng times of releases shown on Figure 3 7-2 are July 10 an4 

September 4 each approxlmately three weeks after the Pond A-4 water level had stabilize4 
followng water quality monitonng Discharges from Pond A-4 ran@ from 0 53 to 2 43 

cubic feet per second (cfs) The largest discharge from Pond Ad corrssrponds to a drawdo 
of  approxlmately 1 7 fect per day Drawdowns are normally much Iovwr, averqpng one-f 
per day or less @G&G 1994b) 

3 7 4 Runoff CbarrcGnsbes and Wstoncd Flows 

The amount of surface water runoff at WETS is dated to the mtens& and dur-on of th 
precipitatron Precipitabon events at RFETS tend to be high mtensty,-short durabon (ley 

than an hour) thunderstorms, or snow storms wth snowmelts of longer dumbon 4 b n q  
duratron storm events (including snowmelt runoff events),typically produce more runoffl 

volume runoffhydrographs of  longer &rabon, and hydFogrspha of smalEer peaks than in&nse; 
i thunderstorms at WETS I 

7 
I 
i 

i 
i 

4 
i 

i 

I 

Watiiut Creek basin soil and topogmpbcal charactem&cs, shmm on Table 3 7-2, also1 
! 

influence the quantity and trmtng of runoff Most precipitation -off ts generated fromi 
I impervious areas of  RFIETS such as roads, buildings, parking lots, and disturbed areas cleared! 

of vegetation Infilttaon into RFETS soils is generally rapld Table 3 7-2 shows an UILbd/ 

infiltration value of 3 75 inches per h u t  ( i n k )  for the bastn average Evaparaon 
contnbutes to significant losses of precipitation as a result of the relatwely high siofar, I 
radiatron levels that r e d  the ground surface 

rhere is very little overland flow on pervlous land segments, except iri die cases of extmmej 
wents This can be illlistrated by companng unit runoff coefficients (runoff per unit surface; 
area) for two gaugmg stations unthin-UU6 (Table 3 7-3) Gauging Station 03 (GS03) is! 

I located just downstream of the WdkI Pond (Figure 3 7-1), at a-point in the watershed where1 
he drainage area is 3 71 square mite (sq mi) and the area is predominantly pewious' 
[Table 3 7-2) The area that drains to GS10, located east of the PA (Figure 3 7-1), isI 
qproxlmately 0 35 sq mi (the sum of arm for dratnage sub-basms CSWAA aad CSWABl 
shown on Figure 3 7-1) and is predomiirantly impervious Unit =off coefficient values fori 
SS03 and GS10 for 15 months between July I991 and August 1993 are show on1 

I 

I 

I 

I 
I 
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Table 3 7-3 Both statrons (GS03 and GS10) have complete flow records for these months 
The data collected for some of  the months pnor to 1993 are not consistently accurate (EG&G 
1995b) However the data are considered to be valid for this general companson Despite 
the fact that the runoff volume at GS03 is typically much greater than at GS10, the monthly 
runoff coefficient values are generally larger for GSlO than for GS03 and, overall for this 
trme penod the sum o f  monthly runoff coefficients is approximately twrce as large for GSlO 
than for GS03 The true runoff coefficients for GSlO are probably greater than the values 
in Table 3 7-3 since runoff from approximately half o f  the area that drains to GSlO is 
diverted around GSlO during very large runoff events The true runoff coeffrcients for GS03 
are probably smaller than the values in Table 3 7-3 because a significant part o f  the flow 
through GS03 originates as STP effluent (approximately 4,500 00 gallons per month) The 
impervious areas of OU6 generate significantly more runoff per unit area than the watershed 
as a whole 

The hydrologic and topographic charactenstrcs of the Walnut Creek watershed vary 
considerably from west to east The majonty of  the western pomon from the mouth of Coal 
Creek Canvon to approximately the center of WETS (sub-basins WADIV1 WADIVZ and 
WA 15 Figure 3 7-1) is a relatively flat area (2 percent slope) wth few defined runoff 

channels highly infiltrative soils (6in/hr), little industnal development, and uniform vegetative 
cover Consequently the trmes of  concentrabon for these drainage basins (1 e ,  the bme 
required for runoff from all portions of these sub-basins to reach Walnut Creek) are relatively 
long (about UI hour) compared to other sub-basins at WETS These relatwely long 
concentration times may permit the loss of significant quantrties of runoff to subsurface flow, 
thus the production of little overall surface runoff Any water originating in this area is 
diverted around the A and B-Series Ponds through the McKay Ditch and the Walnut Creek 
Diversion (Figure 3 7-1) 

Farther to the east the central portion of the Walnut Creek watershed (sub-basins WA11, 
WA12 SWA1 SWA3 CSWAB CSWAA and CWAC Figure 3 7-1) contams low to 
moderately infiltrative soils, large impervious areas and is the best developed dramage of the 
watershed A significant portion of the PA drains to this basin wth flow being heavily 
regulated and attenuated by man-made detention ponds and diversion structures As discussed 
previously most water originating in the developed area flows through North Walnut and 
South Walnut Creeks to the A and B-Series Ponds 
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ia 
The eastern portron of the Walnut Crtek watershed (sub-basins WAl, WA2, and WA31 
Figure 3 7-1) is charadenzed by moderately infiltrattve soils and Boader valleys, W I ~  

approximately 5 percent side slopes and 2 percent ehannel slopes @@&G 1992~) Wate 
from this dramage flows eastward through GS03 and leaves RFETS at Inham Street 

Walnut Creek basrn characttnstrcs (Table 3 7-2) a f h t  the &stnbt&on and magnitude 04 
flows that occur throughout th0 wcrtsrshed The locat~ons of the gaugtqg statrons in bU6 
not suitable for assessing runoff from exclusively pmous  land thus it is &ficui 
to quanhtatwely assess the volume of  runoff b m  these areas The OU6 g-g sqt~o 

locahons permit assessment of runoff fsom the foflowmg areas the sscunty area, in which 
the runoff flows into Ponds A-3 and 3%4 through the bypass can& [ a 1 3  and GSlO), $lo 
from Pond A-3 to Pond A-4 (GS12); h w  from Paact B-4 to Pond 3-5 (ciSO9), flow opt o 1 
Ponds A 4  and B-5 (GS 1 1 and GSOS), urd offslte runoff at the W&I Pond (Gso3) Trau$fw 
from Pond B-5 to Pond A-4 are recoded wtsh a flow meter M the p i p  

The magnitude of tatd month6 flows for GS13, GSl1, GSlO, anCt 63303, from July $991/ 
through September 1993, are shown on Figure 3 7-3 hrt~cular stabons which do nBBt c.a$&unl 
data for specific months represent missllrg or qumonable data. Flows dunng the wlnted 
months are less accurate than those dttnng the rest of the year because of ice-related probiemsl 
(EG&G 1994c) The highest monthly flow volume recorded at GS13 and showq on 
Figure 3 7-3, was 24,000,000 gal In general, dunng months of high 'precipmon, GS131 
recorded high volumes of flow Thts pattern is to be expected, since GS13 predomimhy! 
measures direct storm water runoff from impervious and pewms land aments,  since Cis13 
IS upstream of the ponds and does not receive a significant amount of procm wastewllltef 

mly a relatively small mount of flow was recorded (4,440,000 gal) A possible txphn@um! 

s that the gauging equipment at GS 13 greatly underesamated the flow (1 97 inches) resuttlng 
From the large August 1992 storm event RFETS stream flow gauging equipment, lmlu&rngl 
i 6-inch Parshall flume and an ISCO Model 3230 bubbler, is less accurate when flows exeeedl 

I 
F I  

The highest flow volume recorded at GS10 (Figure 3 7-3) is 8,370,000 gal, reoord$J in1 

i 

7 
I 

-F - I  

i i  
i 
I 
i 

a - 4 
I 

1 
i 

An excepbon to tha pattern ES when 3 inches of precipitahon fdl on Augrtst 24, L992, and, i 

1 cfs (EG&G 1994c) > I  

March 1992 
water runoff 

Like GS13, most of the flaw volume -necorded at this stahon is frccm sbmj 
High flow months gemrally correspond to months wth high amounts of: 
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precipitanon or snow melt Exceptions to this pattern (e g , May 1992 and August 1992) may 
occur since runoff from the security area dunng large storms is sometimes diverted around 
GS 10 and into the Central Avenue Dramage Ditch for which there are no flow records Due 
to seepage of  groundwater and discharges from footer drams both GS10 and GS13 almost 
always record some flow wth recorded baseflows in both creeks ranging from less than 0 01 
to 0 2 dady mean cfs These baseflows are a small percentage o f  the total volume of runoff 

at these two stations 

The maximum flows recorded at GSll and GS03 are 39,000,000 gal (Apnl 1993) and 
77,000 000 gal (March 1992), respectively, as shown on Figure 3 7-3 Flows from these 
gauging stations (GSl 1 and GS03), each located downstream of the ponds are very similar 
Flow at GS03 is typically somewhat less than flow at GS 11, indicatmg that losses to 
infiltration and evaporation between the two stanons are generally greater than contnbuoons 
to flow from local surface water runoff For both GS03 and GS11, flow volumes dunng a 
particular month depend more on the schedule of releases from Pond A-4 than on the amount 

of precipitanon dunng that month or preceding months Months wthout flow were recorded 
in the data sets for GS03 and GS11 between July 1991 and September 1993 

3 8  ECOLOGY - 

This section will be supplied by Stoller 

3 9 PHYSICAL CHARACTERISTICS OF EACH IHSS 

The physical charactenstics o f  each OU6 IHSS are described below Where appropriate, 
individual IHSSs of  similar characteristics and locanons are grouped together for the purpose 
of discussion 

3 9 1 Sludge Dispersal Area (IHSS 141) 

3 9 1 1  Site DescnDbon 

The Sludge Dispersal Area (IHSS 141) is located in the South Walnut Creek drainage west 
of Pond B-1 (IHSS 142 5) This IHSS covers approximately 1 19 acres and contains ground 
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surface elevaaons ranging from apprommately 5,935 feet to 5,897 feet MSL (Figure 
Ninety-five percent of IHSS 141 is located OR the northern hillside of south Walnut 
The buffer zone acc- road extends north-south across SQlrth- W d d  creek dong 8 Ian 
bndge through IHSS 141 West of the access road, the hillside dopes to the 

east and southeast The southeast corner of  IHSS 141 LS located 011 the southern 
approximately 40 degrees from honzoatal East of the access rod ,  the hillside slopes to th 

South Walnut Creek whrch flows through this pmon of the MSS 

i however these bonngs were dnlled rrdjacent and p a d e l  to bonngs AB4 und AB-4,; 
respectively The lithologic logs for these bonngs are presented in Appendix C3 5 Geologlc~ 
cross section D-D (Figure 3 9-2) illustrates the subsurface geology in the vicinity of the' 

I 

sludge drying beds ! 
\ 

Art~ficial fill underlies the sludge drying beds in the northwestern comer of IHSS 141 The 

I 

The northwestern corner of IHSS 141 is occupied by the STP, which is located on leve 
ground at approximateijr 5,933 feet MSL 
IHSS 141 are discussed in S m o n  1 3 2  1 

The waste-rehted achvrties and o 1 
! 
I 
I 
i 
I 

approximately 4 feet beneath the north drymg beds (Figure 3 9-2) The art~ficial fill consists I 

3 9 1 2  Geology 
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yellow-browns to yellowsh orange Within IHSS 141, arhficial fill covers the northern 
hillside of  South Walnut Creek (Plate 3 5-2) Art~ficial fill also covers the hillside south of 
the sludge drying bed structures, as well as across South Walnut Creek where a land-bndge 
embankment was placed for the buffer zone access road 

The RFA and colluvium underlying the arhficial fill is at least 4-feet thick beneath the north 
drying beds as measured in bonng AB-1 As stated in the Vadose Monitoring Zone Report 
(DOE 1993b) colluvial material and claystone bedrock slopes to the south at approximately 
40 degrees toward South Walnut Creek Valley-Fill Alluvium (depth unknown) covers the 
South Walnut Creek dramage south of the STP Well 75992, at the southeastem comer of 
IHSS 141 encountered ten feet of  colluvium before encountenng claystone bedrock 

Claystone bedrock encountered in well 75992 is olive-gray to black in color wth yellowsh- 
orange staning near the alluviumhedrock contact The straagraphic contacts away from 
bonngs shown in Figure 3 9-2 are inferred due to the limited extent of  dnlling 

3 9 1 3  Hvdroveolony 

UHSU groundwater flow in the IHSS 141 area occurs to the southeast in hillside colluvium 
deposits that underlie artificial fill (Figure 3 5-9) Groundwater discharges from colluvium 
to Valley-Fill Alluvium deposits underlying South Walnut Creek The flow direction in the 
Valley-Fill Alluvium is to the northeast, followng the trend of the creek The IHSS is 
located on the north side of a zone of saturated surface matenals (Figure 3 6-1) that follows 
South Walnut Creek and an erosional low in the top of the bedrock (Plate 3 5-3) that 
originates southeast of the Solar Evaporation Ponds The estimated thickness of saturated 
materials in the erosional low is 0 to 5 feet 

3 9 1 4  Surface Water 

Surface water runoff from IHSS 141 drams eastward toward South Walnut Creek and the 
B-Series Ponds (IHSSs 142 5-9) A dramage ditch crosses this IHSS in a north-south 
direction collecting runoff between two roadways then dram toward the B-Series Ponds 
This IHSS straddles dramage sub-basins SWA3 to the east and CSWAB to the west 
(Figure 3 7-1) Soils in sub-basin SWA3 have a low to moderate infiltration rate while sub- 
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basin CSWAB has a moderately high infiltranon rate (Table 3 9-1) The surface soil wthir 
the Sludge Dispersal Area is approxtmately 25 percent imQcMous Sln$ce sad In IHSS 141 
(0 to 34 inches) am predominantly gravelly clay, gravelly sand, and hdy clay Below 34 
inches the soil is gravelly clay, claystone, and siltyday (DOE 1993w 

3 9.2 A=&- Pmdg (HSSS 142 1-142 4) 

3 9 2 1  Site Dcscnu#~og 

North Walnut Creek IS an east-northeast flowngstream that hrs sudthspmlanmtt and cui 

into predominantly Cretaceous claystwe bedrogk The drunage extends 14 miles wes&as~ 

across the middle of the OU6 study ath, at an -mate grade of 3 percent, rangmg in 

elevabon from 5,935 ftet MSL in the west to 5,710 feMsL i~ the cast (Plate 3 5-2) The 
hillslopes along North Walnut Creek Jary from approxlrndy 6 7 degrees to 11 4 degrees 

from horizontal 

The A-Senes Ponds, constructed by placement of eardrfll dams across North Walnut Ckk, 
are These 
[HSSs occupy 15 2 acres collecbvely The largest to smallkt are Pond A-3 (6 7 acres) 
Pond A-4 (4 6 acres), Pond A-2 (2 4 acres), and Pond A-1 (1 5 acres) Waste-related 
actwihes and histones of IHSSs 142 1 through 142 4 are & s c u d  in Seaon I 3 2 3 Th 
OU6 Phase I field invabgabon wthrn she North Walnut Creek dnrulage mcluded samgirng 
o f  sediments from the pods and streams, and the installatron and development sf well 75092, 
at the base of the Pond A 4  dam (MSS 1424) 

Ponds A-1, A-2, A-3, and A 4  W S S s  142 1 through 1424, Figure 13-5) 

3 9 2 2  Geology 

f i e  geologic charactenzabon of IHSSs 142 1-142 4, wthin the North Walnut Creek dramage 
is oasea upon iirnorogic inrormmon omnea aunng me sarnpiing or LW pona scaimenr slres 
md the instaliaaon of well 75092 dun* the OU6;phw I field invumgabon Other sources j 

Bf data used to characterize these IHSSs include the lithologic logs f b m  histme wells w h i n  i 
:he North Walnut Creek dnunagt, Iistechn Table 3 5-2, and lithologic logs from piemmeters I 
nstalled dunng the Earthem Dams pr~jects@G.&G fM3a and 19944) These lithologic logs I 
md data are contamed in Append~xes C2, C3 and C4 The surface geologx map (Plate 3 5-2) 

I 
I 

I 



was also used to characterize the areal extent of  surficial geologic units wthin IHSSs 142 1 
through 142 4 The level of detad in the followng discussion of  subsurface geology is 
limited to the shallow pond sediment cores and the geologic informahon provided by the 
borings and wells mentioned above Geologic cross secaon A-A' (Figure 3 5-7) transects the 
North Walnut Creek dramage to illustrate the stratigraphic relationship of the unconsolidated 
surface deposits and the inferred bedrock surface in the valley Geologic cross sechon B-B' 
(Figure 3 5-8) illustrates the stratigraphic relationship of the unconsolidated surface deposits 
and the inferred bedrock surface longitudinally along North Walnut Creek 

Plate 3 5-2 shows that pond sediment, classified as Valley-Fill Alluvium, covers 95 percent 
of IHSSs 142 1 142 2 and 142 4 and approximately 75 percent of IHSS 142 3 Colluvium 
along the hillsides and artificial fill from the dams cover the remining porhons o f  the 
A-Series Ponds North Walnut Creek contams up to 12 5 feet of  Valley-Fill Alluvium wth 
the thickest interval occumng in the broad flood plan near the confluence of  North Walnut 
Creek wth South Walnut Creek Valley-Fill Alluvium wthin North Walnut Creek (outside 
the pond IHSSs) consists of  reworked RFA High Terrace Alluvium colluvium and reworked 
bedrock The gravel frachon of  Valley-Fill Alluvium is predominantly angular to sub- 
angular poorly to well graded and consists o f  quartnte, while the sand is typically fine to 
coarse sub-angular to subrounded quartz and quartute grams 

Subsurface samples from wells 1286 (located wthin Pond A-3) 40991 and 1186 41091 and 
75092 (located near the base of  the Pond A-4 dam, wthin IHSS 142 4) indicate that the 
Valley-Fill Alluvium at these locations consists of silty clays, organic clays clayey sands and 
sandy and clayey gravels (Appendixes C2 2 and C3 3) Pond sediment collected in each of 
the A-Series Ponds contamed Valley-Fill Alluvium consisting of  silty clays, organic clays and 
some clayey sands varying in color from olive-gray to black (Appendix C4) Sediment cores 
collected from the A-Series Ponds indicate sediment thicknesses ranging from 2 8 inches to 
22 7 inches (Table 3 5-4) 

Based upon previously discussed projections of bedrock attitudes (Section 3 5 2) and the 
surface geology bedrock underlying the Valley-Fill Alluvium in the vicinity o f  the A-Series 
ponds is part of the Laramie Formation Bedrock includes interbedded sandstones, siltstones, 
and claystones observed in cores and outcrop Five monitoring wells and two pond sediment 
sample sites located wthin IHSSs 142 1-142 4 encountered Laramie strata Three of the wells 
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(1 186, 75092 and 41091) are located relabvely close together (less than 350 feet apart), 
approxlmately 200 to 250 feet downstream of  the A-4 darn In well 1186, one foot of dark 
yellowsh brown to yellowsh gray claystone overlies slty sandstone at an elevmon o f  
5,702 feet MSL (Figure 3 5-8) The sandstone is very fine-gmned wth abundant mlt, light 
gray in color, wth iron-oxrde stcuning present locally and in fractures The sandstone is 
weathered and is slightly to moderately fnable In Well 75092, a grayish brown to reddish 
brown sandy siltstone was encountered at 5 717 feet MSL beneath Valley-Fill Alluwum The 
siltstone is sandy (44 5 percent sand by volume) wth fine-gramed, sub-angular to sub- 
rounded grams and an estmated poroslty of  less than 20 percent. This unit is underlun by 
a silty claystone. Well 41091 encountered a yellowsh-gray claystone, 6 trace mounts of 

silt and sand beneath Valley-F~II Alluvium Sediment core samples from stes SED61692 and 
SED6 1792 in Pond A-4 (IHSS 142 4) also encountered Laramre sandstone and silty claystone 
(Table 3 5-4) 

Laramie claystones, silty claystones, and clayey saltstones (gray to 
underlie the Valley-Fill Alluvium In wells 1286 and 40991 near 
Figure 3 5-8) 

grayish orange in color) 
Pond A-3 (IHSS 142 3, a 

Laramie sandstones crop out on the northern bank o f  Pond A-2 (IHSS 142 2) Thq sandstones 

at this outcrop locabon are yellow-brown and yellow-orange in color, indurated, wth sub- 
rounded to rounded fine-grained send The sandstone is convofuted and folded wth dmnct 
bedding and concrebons Red-brawn ironstone caps the sandstone outcrop, which is 
approximately 4 to 5 feet thick The water level of  Pond A-2 was approxrmately 5 feet below 
the base of the sandstone outcrop dunng the pmod the surface geology of OU6 was being 
mapped (January 1994) No outcropping sandstone was observed downstream o f  IHSS 142 4 
(Pond A-4) wthin the OU6 study area 

The A-Senes Pond dams (A-1 through A-4) were constructed wthin North Walnut Creek to 
control surface water and shallow groundwater The onginal construcbon plans for the pond 
dams (by K R White Company and US Army Corps o f  Engineers [USACE]) and the 
borehole and well logs from the inibal dam construcbon invmgabon prowde the basis for 
the followng bnef discussion o f  the site geology, subsurface soils and construcfion of the 
A-Senes dams Additional dam invesbgabons ( E a G  1993s and 19944) and associated 



a 

borehole and well logs were also reviewed for this report Borehole and well logs from the 
dam investigations are contamed in Appendix C-3 7 

In 1952 the A-1 and A-2 dams were constructed north o f  IHSS 156 2 (Figure 3 5-2) 
Material used for dam construction consisted of clays, clayey gravels (colluvial) and 
claystone bedrock, and was obtmned from the adjacent hillsides (EG&G 1971) 

In 1974 the A-3 dam was constructed north o f  IHSS 216 1 (Figure 3 5-2), using onsite 
weathered claystone, and sands and gravels An outer embankment shell was constructed of 
semipervious sandy gravelly materials wth a pervious blanket drain beneath the downstream 
portion An impervious clay core and cutoff trench were constructed using weathered 
claystone The dam foundation is sandy silt silty and clayey sandstones, and gravel alluvium 
resting on weathered sandstones and claystones that overlie unweathered gray claystone 
(EG&G 1993a) 

In 1979 the A-4 dam located northeast of Pond B-5, was constructed by the USACE The 
embankment fill consists of clayey gravel 0 to 3 feet thick underlain by 14 feet to 45 feet 
of clay and sandy clay The natural foundahon matenals beneath the embankment fill 
consists of alluvium claystone, and weathered claystone (EG&G 1994d) 

Dam construction plans show that the A-3 and A-4 dams were keyed into bedrock by 
excavating a 5-foot cutoff trench into the bedrock along the long axis of  the dam foundation 
(EG&G 1971 and EG&G 1994d) The A-1 and A-2 dams were not keyed into the bedrock, 
based on the investigation report (EG&G 1971) 

3 9 2 3  Hvdroeeoloey 

UHSU groundwater at the A-Series Ponds (IHSSs 142 1-4) flows to the east-northeast 
UHSU groundwater occurs predominantly in Valley-Fill Alluvium along the North Walnut 
Creek dramage and to a limited extent in the colluvium (Figure 3 6-1) Valley-Fill Alluvium 
deposits are present in an erosional low bedrock feature (paleochannel) that underlies the 
present North Walnut Creek drainage (Plate 3 5-3) The Valley-Fill Alluvium which is 
partially to completely saturated in the A-series pond area receives groundwater discharging 
from colluvium RFA and Valley-Fi11 Alluvium deposits in upgradient areas o f  the dramage 

I 
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Potenaally UHSU groundwater IS also present in weathered bedrock underlying the 
unconsolidated surface matenals (Figure 3 5-8) 

Vertrcal gradients for UHSU/LHSU well pars in the North Walnut Creek dranage were 
calculated The vert~cal gradient between well 1586 (Valley-Fill Alluwum) and well 1486 
(LHSU sandstondclaystone) was 0 13 feedfoot downward The verhcal gradrent between 
well 1786 (Valley-Fill Alluwum) and well B208689 (LHSU claystone) was 1 33 feedfoot 
downward The approxrmate average honzontal hydrauirc gradmt was 0 035 feedfoot in the 
Val ley -Fi 11 AI 1 uvi um 

Hydrographs for wells 1386, 1586, 1786, B20%589, B208789, B210489, and P209989 
(IHSS 142 1 area Appendix C6) indicate seasonal effects on the groundwater elevatrons due 
to recharge Recharge is highest in spnng and d y  summer months, due to precipitabon 
events Rapid nses in groundwater levels occur dunng this penod, followed by a penod o f  
decline in groundwater elevatron h n g  the remamder o f  the year 

Recharge from or into the A-Senes Ponds likely influences water levels m the Vdley-Fill 
Alluvium Limited well data are avalable in the pond areas, however, It'ls assumed that the 
alluvium is saturated beneath and in the vicinity o f  the indimdual ponds 

0 

3 9 2 4  Surface Water 

Operabon o f  the A-Senes F a d s  and mntrol of  the surface water runoff is &scussed in 
Secbon 3 7 2 The site descnptrons and waste-related histones of MSSs 142 1-4 are 
presented in Secaon 1 3 2 3 The pond IHSSs 142 1-4 are located in the sub-basin dramage 
identrfied as WAl 1 (Figure 3 7-1), which IS 5 percent imperwous as shown on Table 3 9-1 
The soils in this sub-basin have a low infiltraaon rate (1 3 inhr) 

Volumes of water in the A-Senes Ponds vary seasonally, but are usually msuntarned at 
10 percent capacity Indiwdual pond volumes and surface areas at 1 0 0  percent capacity are 
listed in Table 3 9-2 The total discharge for 1992 from Ponds A-3 (February 22 to 
November 13, 1992) and B-5 to Pond A-4 (January 13 to December 24 1992) was 25 62 
millions of  gallons (Mgal) and 64 47 Mgal, respectrvely The total 1992 discharge off site 

@ 



(January 1 to December 24 1992) from Pond A-4 was 92 7 Mgal which is in approximate 
agreement wth the sum of  the inflows from Ponds A-3 and B-5 (EG&G 1993c) 

3 9 3 B-Senes Ponds (IHSS 142.5-142 9) 

3 9 3 1  Site DescnDtron 

South Walnut Creek is an east-northeast flowng stream that has incised the pediment and cut 
into predominantly Cretaceous claystone bedrock The dramage extends for a length of  0 98 
mile from the buffer zone access road on the west to the Walnut Creek confluence to the east 
Elevations range from 5,920 feet MSL at the west to 5 710 feet MSL in the east, at a grade 
of  approximately 4 1 percent The hillslopes adjacent to the South Walnut dramage vary from 
7 8 degrees to 15 1 degrees from honzontal 

The B-Series Ponds constructed by placement of earthfill dams across South Walnut Creek, 
are Ponds B-1 B-2, B-3 B-4 and B-5 (IHSSs 142 5 through 142 9 Figure 1 3-6) These 
IHSSs occupy 7 8 acres collectively The largest to smallest ponds are Pond B-5 (3 4 acres) 
Pond B-4 (1 3 acres) Pond B-2 ( 1  2 acres), Pond B-1 (1 1 acres), and Pond B-3 (0 8 acres) 
The waste-related actwities and histones of IHSSs 142 5 through 142 9 are discussed in 

Section 1 3 2 4 The OU6 Phase I field investigation wthin the South Walnut Creek dramage 
included sediment sampling in the ponds and streams, and the installation and development 
of well 75292 at the base of the Pond B-5 dam (east of IHSS 142 9) 

3 9 3 2  Geolony 

The geologic charactenzation of  IHSSs 142 5-142 9 is based upon lithologic information 
obtained during the sampling o f  25 pond sediment sites and the installation of well 75292 
during the OU6 Phase I field investigation Other sources of data used to characterize these 
IHSSs include the lithologic logs from histonc wells wthin the South Walnut Creek drainage 
listed in Table 3 5-2 and lithologic logs from piezometers installed in dams B-1 and B-3 
during the Earthen Dams projects (EG&G 1993a and 1994d) These lithologic logs and data 
are contained in Appendixes C2 C3 and C4 The surface geologic map (Plate 3 5-2) was 

also used to charactenze the areal extent of  surficial geologic units wthin IHSSs 142 5 
through 142 9 The level of detail in the followng discussion o f  subsurface geology IS 
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limited to the shallow pond sediment cores and the geologrc informabon provided by the 
bonngs and wells menboned above Geologic cross secbon A-A' (Figure 3 5-7) transects the 
South Walnut Creek dmnage to illustrate the -graphic rewonship of the unconsolidated 
surface deposits and the inferred bedrock surface in the valley Geologic cross s-an C-C' 
(Figure 3 5-9) illustrates the stratrgraphic relabondup of the unconsoldated surface deposrts 
and the inferred bedrock surface along South Walnut Creek 

Plate 3 5-2 shows that Valley-Fill Alluvium, conssttng pnmanly of pond sediments, wen 
50 to 95 percent o f  the IHSSs wthin the South Walnut Creek Colluvium dong the hillsides 
and to a lesser extent, a d k i a l  fill from the dams cover the ramrun& o f  the MSS areas 
The South Walnut Creek dramage is covered wth approximately 5 5 to 10 5 feet o f  Valley- 
Fill Alluvlum which occupies the stream channel and pond beds Width of the Valley-Fill 
Alluvium wthin the South Walnut Creek dramage d e s  from approxrmately 20 fo 250 feet 
Valley-Fill Alluvium wthin South Walnut Creek (outside the pond I)ISSs) consists of slty 
clays, clayey sands, and sandy and clayey gravels The Valley-fill Alluvium contrtlns lower 
terrace gravels and overlies claystone of  the Arapahoe and L a r m e  Formabons 

Lithologic logs from wells 3686 (located upstream of  IHSS 142 5) 3786 (located upstream 
of IHSS 142 9) and 3886 (located downstream of IHSS 142 5) indicate the Valley-Fill 
Alluvium consists of yellow-brown to gray silty clays, sandy clays, and clayey sands wth 
abundant gravel (Appendix C3 3) The gravel is moderately to well-graded, sub-angular to 
sub-rounded wth fine to coarse-gramed sand that is angular to sub-rounded Sandy clays 
wth cobbles and gravel are present near the contact of the alluwum and silty claystone 
bedrock in well 3886 

Pond sediment cores collected dunng the OU6 Phase I invemgaon in each of the B-Senes 
Ponds contamed Valley-Fill Alluvium consistrng of  silty clays, highly organic clays, silty 

sands, and some sandy silts, varying in color from olive-gray to black The B-Senes 
Pond sediment cores indicate sediment thicknesses range from 2 5 inches to 31 5 inches 
(Table 3 5-4) No pond sediment bonngs were advanced deep enough to encounter bedrock 
in the South Walnut Creek IHSSs Table 3 5-4 lists the pond sediment core soil 
classi ficatlons 



Cretaceous sandstones outcrop on the north and south hillsides upslope from IHSSs 142 7 
(B-3 dam) and 1428 (Pond B-4) These sandstones have been weathered and are 
unconsolidated at the surface The sandstones are fine grimed, sub-angular to sub-rounded 
wth some silt and clay The sandstone varies slightly in color from olive-gray to brown 
The sandstone outcrop on the hillside north of the B-3 dam is at least 20-feet thick and occurs 
between 5 880 feet and 5,860 feet MSL The base of  the sandstone appears to be 
immediately above the contact between the dam and hillside The basal contact is 
gradational transihoning onto a sandy clay No stike or dip measurement could be taken at 
this contact The elevation and textural charactenstm of this sandstone suggest it may be 
the Arapahoe No 1 Sandstone possibly the lower extent of  the sandstone outcropping on the 
hillside north of IHSS 216 1 This occurrence suggests the No 1 Sandstone may be as much 
as 50 feet thick under IHSS 216 1 The outcropping sandstone found along the southern 
hillside near the inlet to Pond B-5 (IHSS 142 9) is idenhfied as the No 1 Sandstone in the 
Draft OU2 Phase I1 RFIM Report (DOE 1993d) This stratum is up to 45 feet thick and 
occurs between 5 880 to 5 835 feet MSL Elevabons of the top of  the sandstone at the 
outcrops north and east of IHSS 216 1 (5910 feet and approximately 5,870 feet MSL 
respectwely) indicate an easterly dip of approximately 2 9 degrees from honzontal 
Plate 3 5-2 shows the locations of  these outcropping sands along the hillsides adjacent to 
South Walnut Creek 

The B-Series Pond dams (B-1 through B-5) were constructed wthin South Walnut Creek to 
control surface water and shallow groundwater The onginal construction plans for the pond 
dams (by K R White Company and USACE) and the borehole and well logs from the inihal 
dam construction investigation provide the basis for the followng discussion of the site 
geology subsurface soils and construcbon of  the B-Series dams Additional dam 
investigations (EG&G 1993a and 1994d) and associated borehole and well logs were also 
reviewed for this report The borehole and well logs from the dam investigations are 
contained in Appendix C3 7 

Dam construction began in the mid-1950s wth several periods of reparr and maintenance on 
the dams during the 1970s and 1980s The Ken R White Company completed construction 
of earthen dams B-2 B-3 and B-4 by 1955, and the B-1 dam by 1964 The terminal B-5 
dam was completed in 1979 by the USACE All o f  the B-Series Pond dams were constructed 
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out of  nattve matmals from the adjacent hillsides and borrow pits located near each dam 
These construction matenals consisted of weathered claystone and gravelly to cobbly clays 

The B-1 dam was constructed along South W h u t  Creek, eas;*bf IHSS 141 (Figure 3 5-2), 
using matenal from the adjacent hillside In 1972, add~ttonal construcaon an the B-1 and B-2 
dams mvolved rasing the top of  the dams five feet and extendtng the embankment 
downstream Onsite weathered claystone was used in this QoRsfNctlolL, The natural 
foundatron matenal underlymg the embankment consrsts of wdl-graded gravels and weathered 
and unweathered claystone of the Arapahoe and Laramie formmons 

5 -* 
The natural foundatton matenal underlying the B-3 dam consists of organic silts and 
weathered and unweathered claystones of the Arapahoe and Laranwe fbrmahons (Dow 197% 
Dow 1972b, EG&G 1971, EG&G 1993a) These materials consisted of weathered claystone 
and gravelly to cobbly clays A new embankment was also constructed on the B-3 dam in 

1972 The embankment was comprrsed of clays and clayey gravel 

The B-5 dam was constructed usmg matend from adjacent hillsides Addrttonal 
improvements were made throughout the 1980s to prevent cracks and movement Dunng the 
1994 dam investigatton test hoIes found embankment fill at thicknesses o f  23 feet to 56 feet 
overlying claystone bedrock In some test holes, 2 feet to 5 feet of clayey, sandy gravel 
(alluvium) was found overlying bedrock The embankment fill cunnsts of approximately 0 

to 1 feet of  clayey gravel underlam by 22 to 56 feet of clay and sandy clay Foundatmn 
materials encountered beneath the embankment fill consisted of alluvium, claystone and very 
sandy claystone (EG&G 19944, Rockwell 1979c DOE 1984) 

Dam construction plans show that the terminal B-5 dam was keyed into the bedrock by 
excavating a 5-foot cutoff trench into the bedrock along the long axis of the dam foundatton 
(Rockwell 1979c) Dams B-1 through B-4 were not keyed into the bedrock, based on the 
investigatron report (EG&G 1971) 

The South Walnut Creek dranage was filled wrth large amounts of artificial fill at two 
locattons (Plate 3 5-2) Infilling brought these areas up to grade for the PA secunty fence and 
for road construction across South Walnut Creek and wthin IHSS 141 
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3 9 3 3  Hvd roeeoloey 

UHSU groundwater in the B-Series Ponds (IHSSs 142 5-142 9) occurs predominantly in 
Valley-Fill Alluvium along the South Walnut Creek dramage and potentially in underlying 
weathered bedrock (Figure 3 5-9) Based on Figure 3 6-1, groundwater flow is down valley 
to the east northeast The approximate average horizontal hydraulic gradient is 
0 035 feetlfoot in the Valley-Fill Alluvium (Figure 3 6-1) Colluvium and, to a limited extent, 
artificial fill make up the remamder of saturated surface materials in the vicinity of  the 
B-Series Ponds The underlying weathered bedrock is composed manly of claystone wth 
some sandstone and siltstone Sandstones and siltstones subcrop beneath the embankment 
materials as observed in Pond B-3 dam piezometers THO46892 and TH046992, respectwely 
(Appendix C3 7) The sandstone encountered in THO46892 (Figure 3 5-9) is fine gruned and 
was dry to moist when drilled and is not expected to transmit significant quantities of 
groundwater The presence of sandstone and siltstone units beneath the Pond B-3 
embankment (Figure 3 5-9) suggests that groundwater may flow beneath this dam In general, 
the B-series Ponds act as barriers to flow wthin the Valley-Fill Alluvium 

Recharge from and into the B-Series Ponds likely influences water levels in the Valley-Fill 
Alluvium Hydrographs (Appendix C6) indicate seasonal fluctuations due to recharge events 
The hydrograph for well 3686, located upgradient of Pond B-1 indicates rapid increases in 

groundwater lerels in response to spring and early summer precipitation events Water levels 
then decrease gradually throughout the rest of the year The same effect is observed in 

well 2886 The maximum thickness of saturated surface materials observed in well 3886 was 
1 1  feet (Figure 3 6-2) Wells 3786 and 3886 are occasionally dry and well 3686 is often dry 

3 9 3 4  Surface Water 

Operation of  the B-Series Ponds and control of surface water runoff in the South Walnut 
Creek dramage is discussed in Section 3 7 2 The site descriptions and waste-related histories 
of IHSSs 142 5-9 are presented in Section 1 3 2 4 Ponds B-1 through B-4 (IHSSs 142 5-8) 
are located in drainage SWA3, and Pond B-5 (IHSS 142 9) is located in dramage sub-basin 
SWAl (Figure 3 7-1) The existing impervious areas in SWA3 and SWAl are 3 and 
7 percent respectively and the soils in both basins have a low to moderate infiltrabon 
capacity (Table 3 9-1) 

I 
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The individual pond volumes and surface areas at 100 percent capacity are listed in 
Table 3 9-2 

3 9 4 W & I Pond (IHSS 142 12) 

3 9 4 1  Site Desendon 

The W&I Pond (IHSS 142 12) is  located dong Walnut Creek, approxlmately 350 feet west 
of Indiana Street (Figure 1 3-3) IHSS 142 12 occupes 0 7 whin the flood plam The 
flood plam is rdattvely level and exrsts at approximately 5,650 feet'MsL The histay md 
waste-related acbwty of IHSS 142 12 is dmussed m S&mn 1 3 2 5 

3 9 4 2  ~ Geolqgy 

The geobgid chawtenzabon of the UHSU within the W & I Pond (IHSS 142 12) is  

based upon lithologic infonnaaon obtamed from the samgltng of five pond sediment sites 
dunng the OU6 Phase I field invagatton (Figure 3 5-4), the lithologic lags from monitonng 
wells 0486 and 41691, and the surface geologrc map (Hate 3 5-2) Lithologic togs and data 
are contained in Appendixes C3 3 and C4 The d a c e  geologc map (Plate 3 5-2) was also 
used to characterize the areal extent of surficiat gtolope units h n  SSSS 142 12 The 
level of detml in the followng discussion of subsurface geotogy is  limited to the shallow 
pond sediment cores and the geolopc informzitton prowded by the bomgs and wells 
menttoned above 

Valley-Fill Alluvrum, conastmg prtmanly as pond sehments, covers approxlmately 
95 percent of IHSS 142 12 Art~ficial fill covers approximately 5 percent of IHSS 142 12 at 
the western edge The wdth of Valley-Fill Alluvium wthm the Walnut Creek dramage at 
IHSS 142 12 is approxrmatefy 500 feet across The pond sediments collected from 
IHSS 142 12 indicate the Valley-Fill Alluvium at this site consists of clays and organic clays 
varying in color from olive-gray and gray-brown to black (Table 3 54)  No bedrock was 
observed in the pond sediment cores 

The Valley-Fill Alluwum encountered in wells 0486 and 41691, located southeast of 
IHSS 142 12 consists of clays sandy clays, clayey gravels, and gravelly sands ranging in 
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thickness from 10 to 14 feet Gravels and gravelly sands are poorly-graded sub-angular to 
sub-rounded and consist predominantly of  quartxte The dominant colors vary from yellow- 
brown to yellowsh-orange The clayey gravels near the base of the Valley-Fill Alluvium 
may represent lower terraces wthin the valley Bedrock encountered in historical wells 
consists of claystones and sandy claystones wth very fine-gramed to fine-gramed sand some 
interbedded silt and iron-oxide as stmning and nodules 

3 9 4 3  Hvdroneolony 

Hydrogeologic data specific to the W&I Pond area (IHSS 142 12) are limited to data from 
well 41691 located approximately 500 feet east o f  the W&I Pond Water levels in this well 
vary only 1 to 2 feet during the year and indicate a saturated thickness o f  approxlmately 8 to 
10 feet Seasonal recharge effects on water levels at this well are not evident (hydrograph 
in Appendix C6) It IS expected that UHSU groundwater flow in the area occurs 
predominantly wthin Valley-Fill Alluvium towards the east The degree of saturatson wthrn 
Valley-Fill Alluvium in the area upgradient o f  the W&I Pond is likely influenced by the 
release of water from Pond A-4 and water originating west o f  WETS from the McKay Ditch 
and Bypass Canal Downstream of the W&I Pond the degree of saturation is likely 
influenced by the W&I Pond and by releases of water to the Broomfield Diversion Ditch 

3 9 4 4  Surface Water 

The W&I Pond is located in Walnut Creek downstream of the confluences o f  North and 
South Walnut Creeks The site description o f  IHSS 142 12 is presented in Section 1 3 2 5 

When the capacity of the pond is exceeded the overflow is discharged to the Broomfield 
Diversion Ditch A small amount of  directed water escapes from the flume into Walnut 
Creek east o f  Indiana Street 

The W&I Pond (IHSS 142 12) is located in sub-basin WA1 (Figure 3 7-1) The existing 
impervious area in WAI is approximately one percent wth soils charactented by low 

infiltration rates (Table 3 9-1) 
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3 9.5 Old 0 u t f . l  Area (IHSS 143) 

39.51 Site I ~ S C ~ D  tion 

The Old Outfall Area (MSS 143) is located to the northwest of Buildings 773 and 771 wthin 
the PA (Figure 1 3-7) The ground elevaboa o f  MSS 143 is rpprmmately 5,942 feet MSL 
and the area surrounding the IHSS is relatwely level The invemgrrted Old Outfall Area, 
where the laundry eMuent pipe from Buildmg 771. drains, occupcss about 004 acres 
Disturbed ground and arhficial fill cover the enbre IHSS 143 area and to at least 100 feet 
beyond the IHSS boundaries 

, 

This IHSS is situated on top of  a former stream channel that dramed into North Walnut 
Creek Based on histonc aenal photographs (1.964 and 1975), the Old Outfall dramage 
flowed to the north and converged wlth North Walnut Creek Art~ficial fill material was used 
to fill in the channel for installab& of a segment of he PA h c e  and a parking lot that is 
currently occupied by traders The waste-related acbmbes and history of MSS 143 are 
discussed in Secbon 1 3 2 6 

3 9 5 2  

The geologic charactenzabon o f  IHSS 143 is based pnmmly on informatron obtained from 
five bonngs (60092 through 60492) and one well (77492) drilled dunng the OU6 Phase I 
field i n v m g a o n  (Figure 3 5-1) Thts charactenzabon IS limited to a narrow area of  the 
former drainage (Secbon 3 9 5 1) where the O M  Phase I bomgs were dnlled The geolog~c 
interpretation is supplemented wth informabon from the surface geologic map (Plate 3 5-2) 
and the lithologic log from histoncal well 1986 (Table 3 5-2) 

Amficial f i l l  matend covers the enbre surface area of IHSS 143 (Plate 3 5-2) The art~ficial 
fill encountered dunng the OU6 Phase I field invwgabon consists o f  smdy clays, clayey 
sands and gravels and sandy gravels Gravels constst of angular to sub-angular quartnte (up 

to 0 2 feet in diameter observed in core samples) Sands are f i n e  to coarse-gmncd angular 
to sub-rounded quartz and quartate Color vanes from olive and yellow-brown, reddish 
yellow and brown, to white (caliche) and black Caliche coats gravel and sand grams and 
occupies voids in the clays The art~ficial fill is weathered throughout and iron-omde staming 
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is present A black, fine to coarse-gramed unconsolidated sand (0 2 feet thick) observed in 

borings 60192 and 60292 delineates the contact between art~ficial fill and RFA Artificial 
fill at IHSS 143 is approximately 6 5 feet thick Results o f  a gram size analysis performed 
on a grab sample collected from 0 to 2 feet at bonng 60292 are presented in Table 3 5-3 

Below the artificial fill, the RFA consists o f  sandy and clayey gravels and clayey sands, 
varying in color from brown to yellow and gray The gravel is angular and consists o f  
quartzlte Sand in the RFA is fine to coarse-gruned angular to sub-angular, and consists o f  
quartz and quartzite grams The thickness o f  the RFA encountered in well 77492 is 
approximately 17 feet 

Silty claystone in boring 60692 (located upgradient o f  IHSS 143) and in well 77492 is 
brownish-yellow to grayish-brown in color The sand fraction is fine-grruned sub-angular 
quartz, wth a trace o f  sub-angular quartzlte gravel Extensive iron-oxide stcuning is present 
in the claystone wth calcium carbonate coating fractures at angles o f  30-degrees from 
horizontal The claystone encountered during dnlling was moist to very moist 

3 9 5 3  Hvdroneolony 

Groundwater level measurement in IHSS 143 (well 77492) indicates that flow wthin the 
unconsolidated surface deposits (RFA) occurs to the north, followng an erosional low in the 
top of bedrock (Plate 3 5-3) and discharges to the Valley-Fill Alluvium north of the 
IHSS (Figure 3 6-1) The maximum saturated thickness of surface material observed near 
IHSS 143 is approximately 12 feet (Figure 3 6-2) The hydrograph for well 1986 

(Appendix C6) indicates little variance in groundwater elevation (1 to 2 feet) from seasonal 
recharge events The Stiff diagram for well 1986 (Figure 3 6-9) shows a water type higher 
in Na' plus K' than Ca"2 a condition that is atypical o f  the UHSU at W E T S  
(Section 3 6 2 2) This water type is likely due to an increased ion-exchange in groundwater 
due to greater residence time that occurs when recharge from precipitation is not a strong 
influence 
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3 9 3 4  Surface Water 

IHSS 143 is located in sub-basin CWAC (Figure 3 7-1), where soils have a relaavely Bigb 
infiltrabon rate (Table 3 9-1) The Old Outfall Area is approximately 50 percent impmous 

3 9 6 Sod Dump Area (IHSS 156.2) 

3 9 6 1  Site DescnDtron 

The Soil Dump Area (IHSS I56 2) is located on the interfluve between North Walnut and 
South Walnut Creeks, occupying the mesa east of the b a e r  access road (Figure 1 3-3) This 
IHSS covers approxtmately 9 8 acres Ground sudace eleva-s at this MSS vary slightly 
from 5 954 to 5,946 feet MSL The ground &e slopes shghtly to the east at 
approximately 1 5 degrees from honzontal The hrllside north of IHSS 156 2 slopes more 
gently into North Walnut Creek (6 7 degrees) thanthe htllade south of  IRSS 156 2, which 
slopes 13 4 degrees into South Walnut Creek 

The area wthin IHSS 1562 consists of discarded soils asphalt, concrete and some 
constructron debns as shown on histonc aenal photographs (1971 and 1977) Thsdebns was 

dumped OK the top and sides o f  tb mesa, and the thickness o f  fill material appears to be 
greater along the edges The disttirbed surface does not extend !ateratly beyond the areal 
extent o f  the RFA whin IHSS 156 2 The history and waste-related actrviaes of MSS 156 2 
are discussed in Sectton 1 3 2 7 

3 9 6 2  

The geologic charactenzation of the UHSU wthin IHSS 156 2 IS based on mfonaatron 
obtained from 22 bonngs (Table 2 1-9) and one well (75892) dnlled dunng the OU6 Phase 
I field invesbgaQon (Figure 3 5- 1) and the surface geologic map (Plate 3 5-2) Lithologic logs 
for the bonngs are found in Appendix C2 5 Geologic cross secbons E-E’ (Figure 3 9-3) and 
F-F’ (Figure 3 9-4) illustrate the stratrgraphic rehonship o f  the unconsolidated surface 
matenals and the underlying bedrock surface 

1 



The ground surface of  IHSS 156 2 consists of arhficial fill and RFA A change in surface 
slope indicates the contact between the more resistant artificial fill/RFA and the underlying 
bedrock The combined artificial fill and RFA interval vanes in thickness from 4 9 to 
23 1 feet and thickens predominately in the northern direction as shown on Figure 3 9-4 
The artificial fill/RFA interval consists of  sandy gravels, silty sands, gravelly sands, clayey 
sands and reworked bedrock Results of gram size analyses performed on grab soil samples 
collected between 0 and 2 feet from borings 73992 and 74192 are presented on Table 3 5-3 
The gravel in cored samples is poorly to well graded angular to sub-angular and ranges from 
0 1 to 0 2 feet in diameter The sand is fine- to coarse- gramed angular to sub-rounded, and 
poorly to well sorted Color vanes from shades of brown gray and white to yellow and red 

Artificial fill material consists of reworked RFA and is nearly indistinguishable from natwe 
RFA in core samples The amficial fill/RFA contact shown in Figures 3 9-3 and 3 9-4 is 
defined by the presence of a caliche zone observed in several of the core samples from 
borings 73992 74392 74492 and 74592 The presence of  caliche especially as a well 
defined zone is believed to represent undisturbed native soil However i f  name soils were 
mixed wth the fill material placed in IHSS 156 2, the caliche zone observed in core may not 
accurately reflect the artificial fill/RFA contact 

The underlying bedrock wthin IHSS 156 2 consists of  claystone, clayey sandstone, sandy 
claystone and silty sandstone as depicted by cross sections E-E (Figure 3 9-3) and F-F' 
(Figure 3 9-4) The color of  the sandstone varies wth the degree of  weathering and ranges 
from light gray and white (unweathered) to yellow and brown (extensively weathered) A 
shallow erosional surface appears to be present at the top of bedrock in IHSS 156 2, as shown 
by a slightly thicker RFA interval in bonng 74892 (Figure 3 9-3) The artificial fill and RFA 

interval thickens on the north side of IHSS 156 2 (Figure 3 9-4) in response to the erosional 
nature of  the top of  bedrock surface (Plate 3 5-3) in this area 

Sandstones crop out along the roadcut through the western end of IHSS 156 2 (Plate 3 5-2) 
at approximately the same elevation as the top of sandstones encountered in the IHSS 156 2 
borings 73792 (5 948 feet MSL) and 77792 (5 933 feet MSL) In the OU2 Mound Area the 
top o f  the Arapahoe No 1 Sandstone was encountered at 5 940 feet MSL in well B217689 
(DOE 1993d) The lithology of the outcropping sandstones is similar to sandstones 
encountered in the OU2 and OU6 borings clayey sandstones wth fine to medium-grained 

I 
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angular to subround quartz grams, and iron-oxide stam on the gram surfaces The sirnilanties 
in the top of sandstone elevmons and lithobgies in IHSS 156 2 and the OU2 well indicate 
the sandstones observed in IHSS 156 2 are probably the No 1 Sandstone The top of bedrock 
map (Plate 3 5-3) identifies those bonngs that encountered the No 1 Sandstone and outcrops 
of No 1 Sandstone wthin the vicinity of IHSS 156 2 

3 9 6 3  Hvdroncology 

Hydrogeologic data from well 75892 (Table 3 6-1 and Appenchx Cd), the only active well 
located in the area, indicated that mconsslidated surface tnmnals in IHSS 156 2 are 
unsaturated (Figure 3 6-1) Shallow UHSU groundwattr may exist seasonally in colluvial 
matenals and flow down the north and south flanks of the mesa on which the IHSS is 
located 

Groundwater ts potentially present m weathered bedrock underlying the surfaee matenals 
As stated in Section 3 9 6 2, clayey and silty sanbnes  have been encountered wthin 
IHSS 156 2 However, the sandstopes encountered in bmgs 77792 and 73792 were dry 
when dnlled 

a 
3 9 6 4  Surface Water 

Based on the topography wthin IHSS 156 2, surface water runoff dwns toward both North 
Walnut and South Walnut Creeks and toward the cast off the mesa. The majonty of 
IHSS 156 2 is located on the diwde of drainage sub-basms WA11 and SWA3 (Fsjgure 3 7-l), 
which have soils of low to moderate infiltration rates (Table 3 9-1) The western portion of 
the IHSS also straddles drarnage sub-basms CWAB and CSWAB (Figure 3 7-1), which have 
high infiltration rates (Table 3 9-1) This IHSS is appmmmateIy 5 percent impervious 

3 9 7 Tnangle Area (MSS 165) 

3 9 7 1  Site Dtsen~tt *on 

The Tnangle Area (IHSS 165) is located in the northeastern portion of the RFETS secunty 
area (Figure 1 3-3) The Tnangle Area covers approximately 39 1 acres on a broad, relatively * 
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flat mesa at an elevatron of  approximately 5 960 feet MSL The ground surface slopes to the 
east at approximately 0 7 degrees from horizontal The waste-related activitres and history 
of IHSS 165 are discussed in Section 1 3 2 8 

3 9 7 2  

The geologic charactenzation of  the UHSU wthin IHSS 165 is based on informatron obtmned 
from 12 borings (72292 through 73092 and 73292 through 73492) and two wells (76192 and 
76292) drilled dunng the OU6 Phase I field investrgatron (Figure 3 5-2) Lithologic logs 
from histoncal wells wthin the PA OU2 OU4 and OU6 (Appendix C3) were also used in 

characterizlng the geologic conditions in IHSS 165 New and existmg data were used to 
contour the top of  bedrock surface in this area (Plate 3 5-3) Geologic cross section G-G' 
(Figure 3 9-5) illustrates the stratrgraphic relatronship of the unconsolidated surface matenals 
to the underlying bedrock surface 

Artificial fill material covers the entire surface area of  IHSS 165 (Plate 3 5-2) The top o f  
the mesa in the area of IHSS 156 2 consists of disturbed artificial fill and RFA near the 
surface The contact between the artificial fill and RFA is not discernible in the drill core 
samples The artificial fill/RFA interval consists of gravelly sands wth minor amounts o f  
clayey silts, silts, and silty clays Results of a grun size analysis performed on a grab soil 
samples collected between 0 and 2 feet from boring 72292 i s  presented on Table 3 5-3 Soils 
within six feet o f  the surface are predominantly clay, gravelly sands, and clayey, sandy 
gravels which vary in thickness from approximately 4 feet across the top o f  the mesa to 10 

feet on the north side of  IHSS 165 Color varies from brown red yellow and white to gray 
and olive The sand fraction is vanable, 
ranging from fine- to coarse-grained poorly to well-sorted, wth angular to rounded quartz 
and quartzlte The artificial fill/RFA contuns some reworked bedrock and possible landslide 
material that is extensively weathered wth iron-oxide staning and caliche Fractures in the 
bedrock vary from 0 to 10 degrees from honzontal, wth caliche observed along the fracture 
surfaces 

The gravel is angular to subangular quartzlte 

Cretaceous bedrock observed in cores collected during the OU6 Phase I investigation and in 

historical wells is comprised of sandy and silty claystone claystone, clayey siltstone 
sandstone and silty sandstone The bedrock varies in color from gray yellow, brown and 

I 

i 



white (weathered) to olive (unweathered) The predominant bedrock type wthin IHSS 165 
is claystone This stratum contains 2 to 26 percent sand, wth fine- to coarse-gramed, 
angular to sub-rounded quartz grams The claystone is unweathered to extensively weathered, 
and shows different degrees o f  iron-oxide and manganese-oxlde struning Calcium carbonate 
is present in voids and as nodules 

The sandstone bedrock observed in bonngs 72292, 72892,73392, 73492, and in well 76292 
(Figure 3 5-2) is typically fine-gramed, wth some medium-gramed quartz sand The sand 
content by volume vanes from 61 to 82 percent The sandstone IS extenslvely weathered, 
moderately to highly fnable, up to 20 percent porosity, and verhcal fractures are present 

Sandstones encountered in the IHSS 165 bonngs 72292,72892,73392, and wells 73492 and 
76292 appear to- be the No 1 Sandstone, b a d o n  smilmtms m textural chanrctensbcs and 
the elevabon at which the top of the sandstone was encountered in the bonngs (approxlmately 
5,940 to 5,950 feet MSL) relave to the No 1 Sandstonepresent rn OU2 bonngs and wells 
Thickness of  the sandstone observed in IHSS 165 bonngs range from 1 8 feet to 12 1 feet 
No bonngs penetrated the enbre thickness of the sandstone tmc therefore, its total thickness 
is unknown These sandstone units may represent M extension of the Arapahoe No 1 
Sandstone channel observed in OU2 (DOE 1993d) The presde of No 1 Sandstone in well 
76192 which 1s located between well 73392 and the outcrops along the road west of 
IHSS 156 2 (Plate 3 5-3), indicate a limited areal extent of the No 1 Sandstone in OU6 due 
to erosional downcumng by present-day dramages 

The top of  the bedrock features wthin and surrounding IHSS 165 are shown on Plate 3 5-3 
and Figure 3 9-5 TWO apparent bedrock scours are present The most prominent of these 
onginates from the west center of IHSS 165 and trends southeast toward the bedrock channel 
underlying the South Walnut Creek drcunage This relabvely narrow scour is overlam by 

arhficial fill and RFA, up to a maximum thickness of 22 5 feet (well P219489, Figure 3 9-5) 

The other bedrock scour is less distxnct, and extends from the western porhon of the OU4 
Solar Evaporabon Ponds toward the east-northeast to the bedrock channel underlying the 
North Walnut Creek This scour extends across the northwestern corner of IHSS 165 
Artificial fill RFA and colluvial matenal (clays, clayey gravels and clayey sands) overlie 
this bedrock scour 
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3 9 7 3  HvdroPeoioev 

A northeast-trending scour that appears to onginate west of  IHSS 165 (Secoon 3 9 7 2) 
extends through the northwestern portion of the IHSS near well P218389 (Plate 3 5-3 and 
Figure 3 6-2) Approximately 2 feet of saturated RFA was observed at well P218389 in Apnl 
1993 (Figure 3 6-2) It is believed that UHSU groundwater flows to the northeast down the 
hillside in this erosional scour and discharges to Valley-Fill Alluvium in North Walnut Creek 
near well B208289 

The second observed scour discussed in Section 3 9 72, crosses the IHSS area at its 
southwest comer and locally trends to the southeast UHSH groundwater in this scour flows 
through arhficial fill and RFA then discharges to Valley-Fill Alluvium in South Walnut Creek 
near well 3586 (Figure 3 6-1) The maximum saturated thickness of  surface materials 
observed wthin this scour was approximately 10 feet in well P219489 (Figure 3 6-2) 

Much of the unconsolidated geologic material wthrn IHSS 165 is unsaturated However, 
groundwater may occur to a limited extent in weathered bedrock flowng both to the south 
and north 

Hydrographs for wells P207689 and P207889 (Appendix C6) indicate seasonal recharge 
influence on groundwater elevations in the IHSS 165 area Spnng and early summer 
precipitation events cause rapid increases in water levels Throughout the remamder of the 
year the water levels decrease at a slower rate 

For the UHSU well pair P207889 (RFA) and P207989 (weathered claystone) a downward 
vertical hydraulic gradient of 1 59 feedfoot was observed in Apnl 1993 

The water type indicated by the Stiff diagram for well 76292 (Figure 3 6-9) is calcium- 
bicarbonate typical o f  the UHSU in OU6 Well 76292 is screened in weathered sandstone 
(Appendix C2 6) that subcrops beneath unconsolidated surface material (Figure 3 9-5) The 
water type suggests that the bedrock matenal is hydraulically connected to saturated surface 
materials and thus, is part of the UHSU 
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3 9 7 4  S u r f r c t r  

The Tnangle Area (IHSS 165) is located west (upgradient) of MSS 156 2 on the same mesa. 
This IHSS is located predominantly in drunage sub-basin CWAB (Figure 3 7-1) which has 
a relatrvely high infiltratron rate (Table 3 9-1) The Tnangle Area is approximately 5 percent 
impennous 

3 9 8 Trencher A, B, and C (IHSS 166 1,166 2, and 1663) 

39.81 

Trenches A, B, and C @ISSs 166 1, 166,2, and 1663) are Iocated north of the RFETS 
secunty area on the mesa between North Walnut Creek and the unnamed tnbutary This 
mesa is relatwely level in the vtcinrty of  IHSS 166 1-3, wth ground surface devatrons 
ranging from 5,971 feet MSL in the west to 5,962 feet MSL-in the east (Figure 1 3-9) 
Collectwety, RISSs 166 1-3 occupy approximately 1 1 acres 

IHSS 166 1 (Trench A) is located southeast of the current landfill (IHSS 114) IHSS 166 2 
(Trench B) is the southern-most trench IHSS 166 3 (Trench C) consrsts of two trenches one 
located east of  IHSS 166 1, the other located between IHSS 366 1 and 166 2 The ground 
surface slopes appmxlmately one degree to the east across the IHSS 166 area. The hillside 
south of  IHSS 166 2 sfopes to the south at 9 7 degrees from honzontal The waste-related 
acavlties and histories of IHSS 166 1-3 are discussed In Sehm 1 3 2 9 

3 9.83 Ceoloor 

The geologic charactenzation of IHSSs 166 1-3 is based on informatron obtruned from bonngs 
66892 through 69392, and two wells, 76992 and 77392, dnlled during the OW6 Phase I field 
investrgation (Figure 3 5-1) Addifionally histoned wells in the wcinity of IHSSs 166 1-3 
(Plate 3 5-1) and the surface geologic map (Plate 3 5-2) were also used to characterize these 
IHSSs bthoiogx logs for these brings and weIls are found rn Appendixes C2 and C3 The 
stratrgraphic relatronship of the unconsolidated surface matends to the underlying bedrock 
surface is shown on cross m o n s  H-H' and 1-1' (Figures 3 9-6 and 3 9-7, respecttvely) a 



The RFA covers the top of  the mesa and underlies IHSSs 166 1-3 (Plate 3 5-2) Within 
Trenches A, B and C artificial fill material consists of  reworked RFA, possibly soil that was 
originally removed from the trenches at the nme of excavation Through time backfill in 

these areas has settled and shifted, resulnng in surface depressions along some porhons of the 
trenches This artificial fill material consists of  clayey and sandy gravels gravelly sands and 
clays silty sands and clays Results of  gram size analyses performed on grab soil samples 
collected at 0 to 2 feet from bonngs 66892 (IHSS 166 1) and 68692 (IHSS 166 3) are 
presented in Table 3 5-3 The artificial fill/RFA material varies in color from yellow-brown 
yellow-orange gray-brown and reddish yellow to gray The gravel consists o f  angular to 
sub-angular to sub-rounded quartate wth clasts up to 0 2 feet in diameter observed in core 
samples Sands consist of  fine- to coarse-gramed poorly to well-graded, angular to sub- 
rounded quartz and quartwte gram Porhons of the artificial fill matenal contam reworked 
bedrock wth caliche zones and calcium carbonate filling and coating voids The artificial 
fill material appears mottled wth varying degrees of iron-oxide and manganese-oxide 
staining Within the trenches the arhficial fill/RFA matenal vanes in thickness from 5 feet 
to 10 6 feet No evidence of sludge or waste material was observed in the dnll cores 

Cretaceous bedrock underlies the mficial fill/RFA matenal Bedrock consists predominantly 
of  claystones wth some sandstones and siltstones and varies in color from shades of  gray 
yellow and brown to white Sandstone interbedded wth the claystone consists of  fine- 
grained well sorted sub-rounded, quartz grains The claystones visually appear to have low 
porosity (less than 5 percent) and exhibit varying degrees of  friability ranging from slightly 
to highlv friable Calcium carbonate (1 e caliche) occurs in voids and along fracture planes 
at angles from 0 to 70 degrees from hortmntal Carbonaceous matenal occurs throughout the 
bedrock A single occurrence of sandstone is observed in bonng 67692 on the west end of 
IHSS 166 2 (Figure 3 5-1) This unit IS 2 6-feet thick and consists of fine-grained, well- 
sorted angular to sub-rounded quartz gram wth argillaceous and silica cement The 
sandstone exhibits high friability wth porosity estimated at less than 10 percent and a sand 
content o f  41 5 percent by volume Bedding planes observed in dnll core from this bonng dip 
at an angle o f  20 degrees from horizontal 

The east-west geologic cross section H-H (Figure 3 9-6) through IHSS 166 1 shows a 
relatively flat top of bedrock surface sloping 1 0 degree to the east between bonng 67492 and 
well B206689 The south-north geologic cross sechon 1-1' (Figure 3 9-7) through 
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a 
IHSSs 166 1-3 shows a relatrvely flat top of bedrock surface wthin the trenches, wrth a 
change in slope of the bedrock surface to approxlmately 2 9 degrees, toward well B206389 
and the Landfill Pond, occmng just north of bonng 66892 (MSS 166 1) The top of 
bedrock map (Plate 3 5-3) prowdes a plan view of the bedrock surface shown in the geologic 
cross secbons 

3 9 3 3  Hvdreneo 10- 

Trenches A, B, and C are located on a west-east trendmg mesa in whxh a groundwater diwde 
exists (Figure 3 6-1) East of  the trenches, UHSU groundwater flows to the east through the 
weathered bedrock Interpreted potentlometnc surface contours suggest that south of the 
trenches, UHSU groundwater flows to the south toward North Walnut Creek This inferred 
flow to the south occurs wthin RFA on the mesa and &en drschwges to Valley-Fill Alluwum 
in the drarnage Immediately north of the trenches, the UHSU groundwater flow & w o n  
IS to the northeast The flow diremom and honmntal hydraulic gradient water levels In wells 
6487 (located west of the trenches) and B206389 (IocateCi north of Trench A) The surface 
matenals are unsaturated in the area immdately to the east of Trenches A and B (Wells 
76992, 77392 Figure 3 6-1) where flow potenbdlyloccurs in weathered bedrock 

Hydrographs for wells B206489 and 7287, located wthm IHSS 166 1 (Apperrdrx C6),indicate 
that water levels are strongly influenced by local rechgrge, and reflect seasonal effects Well 
7287 is  occasionally dry and exhibits a m(uLlglum saturated thickness wthm RFA of 
approxlmately 6 feet (Figure 3 6-2) The water level in well B206489 (WAlweatkred 
bedrock) occasionally falls below the top of the bbdrock The mmmum saturated thickness 
observed at well B206489 is approximately 6 feet-(Figure 3 6-2) 

The Sfiff diagram b r  well 7287 (Figure 3 6-9) shows the calaum-bicarbonate type water that 
is typical of the UHSU The 'IDS concentrafion 1s low in samples from this well, which 
indicates that recharge from precipitation strongly influences groundwater m this arm 

3 9 8 4  Surface Water 

Based on topography in the area of  IHSSs 166 1-3, surface water runoff dram toward the 
north and the south These IHSSs are located in drmnage sub-basins WA6, WA7, and WA13 e 
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(Figure 3 7-1) Soils in these sub-basins have a low to moderate infiltranon rate 
(Table 3 9-1) The Trenches Area is less than 25 percent impervious 

3 9 9 North Spray Field and South Spray Field Areas (IHSSs 167 1 and 1673) 

3 9 9 1  Site DescnDhon 

The North Spray Field and South Spray Field Areas (IHSSs 167 1 and 167 3) are located 
north of the WETS security area and north of North Walnut Creek (Figure 1 3-3 page 1 
of 2) The Pond Spray Field Area (IHSS 167 2) previously included in the OU6 Phase I 
investigation (Figure 1 3-3, page 1 of  2) has been moved to OU7 For congruity wthin the 
OU6 geologic study area, data collected in the histoncal IHSS 167 2 area dunng the OU6 
Phase I field investigation are included on Table 3 5-1 (stratigraphic data), Figure 3 5-1 
(boring location map), Plate 3 5-3 (top of  bedrock map), and Appendix C-2 1 1  (lithologic 

logs) The geologic characterizaaon and evaluaaon of  IHSS 167 2, however wll be included 
in the OU7 RFIM Report The histones and waste-related actwities of IHSSs 167 1 
and 167 3 are discussed in Secbon 1 3 2 10 

IHSS 167 1 covers approximately 3 96 acres and is located in the headward pomon of the 
unnamed tributary and adjacent to the northern boundary of  the present Landfill (IHSS 114) 
Two dramages border this IHSS and converge at the eastern apex of IHSS 167 1 (Plate 3 5-2) 
The ground surface elevations on the mesa range from approximately 5,970 feet MSL on the 
west to 5,913 feet MSL on the east The eastern half of IHSS 167 1 slopes to the east at 
approximately 7 degrees from honzontal 

The location of IHSS 1673 was moved (DOE 1992b) after the complenon of  the OU6 
Phase I field investigation The historical IHSS boundary and the revised IHSS boundary are 
discussed in Section 1 3 2 and shown on Figure 13-3 (page 1 of  2) The investigated 
IHSS 167 3 (histoncal) covers an area approximately 0 92 acres and is located on the mesa 
south of  the Landfill Pond Bypass and east of Trench C The mesa is relatively flat, wth 
ground surface elevanons in the range of  5 959 feet to 5,963 feet MSL The hillside south 
of  IHSS 167 3 slopes to the south approximately 9 7 degrees from horizontal 
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3 9 9 2  

The geologic charactenzatron of  IHSSs 167 1 and 167 3 is based on infornabon obtamed 
from numerous shallow borings and two wells (77192 and 76792, respectwely) dnlled dwng 
the OU6 Phase I field invesbgation (Figure 3 5-1) The geological interpretaaon is 
supplemented wth the surface geologc map (Plate 3 5-2) and lithobgic logs from histoncal 
wells in the vicinity o f  these IHSSs (Plate 3 5-1, TaMe 3 5-2) Bonngs M l e d  wthin 
IHSSs 167 1 and 167 3 dunag the Phase I field inv-gaon &d not exceed a depth of 4 feet, 
thereby limiting infornatmn avmlable from tbts sbdy to wthin 4 feet of the surface 

IHSS 167 1 RFA at least 4 fm thick covers the top of the mesa in the western half of 
IHSS 167 1 (Plate 3 5-2) No bonngs were dnlled deep enough to penetrate the base of the 
RFA in this IHSS The RFA encountered in IHSS 167 1 durmg the OU6 Phase I field 
investigation consists of  clayey to sandy gravek Color vanes from shades of orang% brown, 

and gray to white Grmn size data from selected grab samples (0 to 2 feet) collected from 
IHSS 167 1 are presented in Table 3 5-3 Wdl-gradtd gravel, ranging from large boulders 
3 feet in diameter (observed in the field) to 0 1 fmt-Chumetsr gravel abserved in the core 
consists of quarmtc schist, and quartz A dark red&&-brown or dark red, clayey gravel 
layer is prominent in this area Caliche is disseminated throughout the core maternal Sands 
consist of fine- to coarse-grsuned, angular to sub-rounded, Quartz and schist gram Field 
observations tndicate the RFA is at least 15-feet thick near the gulch confluence in eastern 
IHSS 167 1 (Plate 3 5-2) 

Colluvium covers the hillside in the eastern porbon o f  IHSS 167 1 A landslide feature is 
located at the confluence of the dramages just outside of  the IHSS boundary The colluwum 
consists o f  sandy gravels wtzh fine- to coarse-grarned, angular to sub-rounded quartz, 
quartute, and schist sand gmms The gravel is anguliu to sub-angular consistmg of quartzite 
and quartz Bonngs 61992,62092, and 62792 (Figure 3 5-1) encountered Cretaceous bedrock 
beneath colluvial cover rangrng from 0 feet (bonng 62092) to approximately 3 feet thick 
(bonng 62792) The bedrock consrsts o f  claystones and silty claystones varying from shades 
of yellow-brown, gray-white, and yelkwsh orange to brown The claystone ranges from 
slightly to moderately wathered, wrth varying degrees of  ironsxtde stcuning Sand content 
vanes from 2 to 9 percent by volume, and conslsts of fine-grarned, sub-rounded quartz and e 



feldspar grains 
caliche are present along fractures and throughout the claystone 

The claystone is slightly to highly fnable Carbonaceous matenal and 

IHSS 167 3 The RFA that covers the surface area of IHSS 167 3 is at least 4-feet thick 
(Table 3 5-1) and consists of clayey and silty gravels and sands, well-graded gravels, and 
poorly graded sands The color of RFA is yellowsh brown white, very dark brown, and 
gray The gravel and sand grams in this area consists pnmmly of quartzite and quartz The 
gravel is coated w t h  caliche acting as a cementing agent Localized iron-oxide staming is 
also pervasive throughout the core matenal Bedrock was not encountered in the shallow 
bonngs drilled wthin histoncal IHSS 167 3 Gram size data from selected grab samples (0 
to 2 feet) collected from IHSS 167 3 are presented in Table 3 5-3 

Well 76792 located approximately 100 feet north of histoncal IHSS 167 3 (Figure 3 5-1) 

encountered RFA and sandy claystones The sand content of RFA is 37 percent by volume 
and consists of very fine, angular to sub-rounded quartz gram The sandy claystone was 

highly friable, wth an estimated porosity of less than 5 percent The gravel was angular to 
sub-angular, consisting of quartute and granite The sand consists of varying amounts of fine 
to coarse poorly to well-graded angular to sub-rounded quartz and feldspar grams Well 
76792 encountered the top of bedrock at 5 937 feet MSL t 

A bedrock scour extends northeast through well 76792 toward the unnamed tnbutary Based 
on field observations at the base of the RFA along the south hillside, the top of bedrock 
surface on the hillside slopes to the east at approximately 1 5 degrees 

3 9 9 3  Hvdroeeoloey 

Groundwater seepage occurs at the contact between the RFA and colluvium deposits in the 
two dramages that bound IHSS 167 1 (Plate 3 5-2) Seepage in the dramages suggests that 
the RFA is saturated to the west and groundwater flow may be channelized in bedrock scours 
that underlie the surface drainages (Plate 3 5-3) UHSU groundwater in the area is expected 
to flow to the southeast and discharge to Valley-Fill Alluvium underlying the unnamed 
tributary of Walnut Creek Bedrock was not encountered in the only well located wthin 
IHSS 167 I (we11 771 92) thus, little is known about the degree of bedrock saturation in the 
area 

(4047 910 0025 521)(R7 3)(9/22/95 9 14 mX2) 3-73 



The investigated area for IHSS 1673 is located to the northeast o f  well 77392, near 
IHSS 166 2 (Figure 3 5-1) Well 77392 is screened in RFA, the predominant surface matenal 
in the area. The RFA is unsaturated in the area and ground water, i f  it occurs locally, is 
likely limted to the weathered bedrock units of  the UHSU 

An erosional scour in the top o f  bedrock surface (Plate 3 5-3) is present in the vicinity o f  the 
former MSS 167 3, as descnbed in Secaon 3 9 9 2 Wells 76992 and 76792 are l o d  near 
the center o f  this scour however, these wells are typically dry It appears that the potenfial 
for channelized groundwater flow wthin this scour in the directmn toward the unnamed 

tnbutary exlsts, however, flow may occur only dunng very high recharge d t m n s  
Groundwater flow in the scour was not observed dunng the Apnl 1993 sampling penod 
(Figure 3 6-1) 

3 9 9 4  Surface Water 

Surface water runoff from IHSSs 167 1 and 1673 drains toward the unnamed tributary of 

North Walnut Creek IHSS 167 1 is located in dranage sub-basin WA6 (Figwe 3 7-1) which 
has low infiltratwe soils (Table 3 9-1) IHSS I67 3 is fbcated in dramage subbasin WA7 
which has moderately infiltratwe soils The North Spray Field Area (IHSS 167 1) contams 
no impervious surfaces, the South Spray Field Area (IHSS 167 3) IS approxsmdy 6 percent 
impervious The IHSSs 167 1 and 167 3 are currently gmss-qered 

- 

3 9 10 East Spray Field A m  (MSS 216.1) 

3 9 1 0 1  Site DescnDthn 

The East Spray Field Area (IHSS 216 1) is located on the narrow interfluve that separates 
North Walnut Creek from South Walnut Creek, east o f  IHSS 156 2 (Figure I 3-3) This 
IHSS covers 3 4 acres and contarns ground surface elevattons range from approximately 
5,925 feet MSL on the west to 5,911 feet MSL on the east. The surface of the mesa slopes 
to the east at approximately 1 7 degrees from horizontal The w8te-rehted act~wt~es and 
history of  IHSS 216 1 are discussed in Secfion 1 3 2 11  

(4047 910-0025 521XR73X9l22E95 9 14 ~ 1 x 2 )  
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3 9 1 0 2  Geoloev 

The geologic characterizabon of IHSS 216 1 is based on informabon obtained from six 
bonngs drilled during the OU6 Phase I field investigation These bonngs (78092 through 
78592, Figure 3 5-2) were drilled to a total depth of 4 feet The geologic interpretation is 
supplemented wth information from the geologic map (Plate 3 5-2) 

The RFA covers the surface of  IHSS 216 1 (Plate 3 5-2) and consists of clayey silts gravelly 
clays silty clays clayey gravels’ gravelly sands and reworked bedrock The gravel IS angular 
to sub-angular, consisting of  quartate quartz, and schist Sand consists o f  fine- to coarse- 
gruned poorly to well-sorted angular to rounded quartz quartme, and schist grams 
Caliche was disseminated throughout, wth slight to extensive iron-oxide staning 

Bedrock was encountered in boring 78092 (Figure 3 5-2) The bedrock consists o f  clayey 
siltstone wth 15 percent sand content by volume The sand is fine-gramed angular to 
rounded quartz and quartute grams The 
estimated porosity of  the clayey siltstone was low (less than 10 percent) 

Calcium carbonate and caliche were present 

Outcropping sandstones (approximately 20-feet thick) occur at elevations from 5,880 to 
5 860 feet MSL on the hillside south of IHSS 216 1 ,  near Ponds B-3 and B-4 These 
outcrops appear to be Arapahoe No 1 Sandstone based on elevation and lithologic sirnilanties 
to No 1 Sandstone identified in adjacent areas Two other sandstone outcrops located 
northwest and northeast of  IHSS 216 1 also correlate to the Arapahoe No 1 Sandstone based 
on the projected dip of bedrock from previously identified occurrences of Arapahoe No 1 
sandstone (DOE 1993d) 

3 9 1 0 3  Hvd roeeoloev 

IHSS 216 1 is located on an east-northeast trending ridge between North Walnut and South 
Walnut Creeks where no hydrogeologic data are available The ridge is capped by RFA 
(Plate 3 5-2) and it is believed that the surface deposits in the IHSS are largely unsaturated 
This is based on the observations at well 75892 located southwest and upgradient of  
IHSS 216 1 UHSU groundwater flow 
may occur in weathered bedrock to the east-northeast along the ridge or may discharge to 

- 

Well 75892 screened In RFA IS consistently dry 
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colluvium mantling the hillsides of  the mesa Groundwater dscharged to colluvium would 
likely evapotranspirate or flow to Valley-Fill Alluvrum in either the North Walnut or South 
Walnut Creek dramages 

3 9 1 0 4  Surface Water 

Based on topography, surface water runoff from IHSS 216 1 drams to the northeast and 
southeast toward the North Walnut Creek and South Walnut Creek This MSS is located 
along the dtvlde between drrunage sub-basins W A l l  and SWA3 (Ftgure 3 7-1), which have 
low to moderate infiltratwe soils (Table 3 94) Sub-basms WAll and SWA3 are 5 percent 
and 3 percent impemous respectrvefy 
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TABLE 3 2-1 
SUMMARY OF POPULATION SECTORS IN AND NEAR 

THE ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 

1989 1989 2010 2010 
Sector Population Household No Population Household No. 

1 0 0 0 0 
2 0 0 0 0 
3 51 15 51 17 
4 633 193 2 263 950 
5 8 439 2 508 23 773 9 957 
10 307 567 109 859 408 821 171 141 

Source DOE 1990b 

Sector = number of nules representmg ra&us from the center of RFETS 
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TABLE 3.3-1 
1993 ANNUAL CLIMATIC SUMMARY 

T=pe-te(l) Dewpoint Pnmpitrtlon WiadData Pr+Srum 

CF) CP) c-1 (mPW (mb=) 
Hlga Lmv M w  MCUl TeW Muu Madmum MeUr 

January 38 3 17 7 28 0 5 9  0 13 8 5  75 808 
F h n w  32 1 16 7 24 4 6 1  0 54 6 7  70 80% 
March 47 9 28 0 38 0 13 3 1 52 9 2  50 81 1 
APd 53 5 31 2 42 4 (2) 145 9 3  67 808 

649 42 4 53 7 (2) 1 13 7 9  60 813 
June 72 7 48 0 604 35 1 1 79 8 5  58 812 
JdY 79 7 54 0 668 40 5 0 48 8 9  73 814 
August 75 4 53 6 645 409 0 42 7 5  47 817 
September 68 7 49 0 588 31 6 1 58 8 2  58 (2) 
October 58 9 32 1 45 5 29 3 141 7 6  66 814 
Novembex 45 0 19 7 32 4 15 2 127 9 8  66 81 i 
December 45 6 20 6 33 1 11 5 0 35 12 3 82 8 10 

- 

Source DOE 1993a 

Notes 

(1) Temperatures were measured at 10 meters (in) above the ground surface tbrarrgh August and at 

(2) Data invalid or not available 
1 5 m above! the pund surface bepxuung September 1 1993 
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TABLE 3 3 2 
ROCKY FLATS 

WIND FREQUENCY DISTRIBUTION BY PERCENT IN 1993 

STABILITY INDEX A' 

FROM JANUARY 1,1993 THROUGH DECEMBER 31,1993 

+ WIND SPEED CLASSES (KNOTS) + 
DIRECTION <30 3 0 ~ 6 0  6 0 ~ 1 0 0  10 0 c16 0 16 0 c-210 >210 Class' TOTAL' 

N 

"E 

NE 

ENE 

E 

ESE 

SE 

SSE 

1 9  

23  

2 0  

2 1  

25  

2 8  

2 2  

2 0  

1 1  

10  

5 

5 

6 

9 

9 

15  

24 7 

5 9  0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

00  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

00  

0 0  

0 0  

0 0  

0 0  

0 0  

00  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

00  

0 0  

00  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

00  

0 0  7 83 

00 9 03 

0 0  10 15 

00  9 97 

00  12 75 

0 0  13 38 

00  12 41 

0 0  7 02 

00  4 04 

00  2 13 

0 0  119 

0 0  1 22 

0 0  1 44 

0 0  179 

0 0  2 10 

0 0  3 54 

0 0  10000 

73 

84 

94 

92 

118 

1 24 

115 

65 

37 

20 

11 

11 

13 

17 

19 

33 

9 26 

6 8  

8 2  

7 9  

10 2 

10 6 

10 2 

5 0  

2 9  

1 2  

7 

7 
: 

sw 
wsw 
W 

WNW 

Nw 
NNW 

TOTAL 

8 

9 

1 2  

2 1  

75 3 

Total number of hourly samples in this stability class is 
809 F(moderate1y stable) 
qotal percent for this stability class 
Total percent relative to all stability classes 

Stabllity Index ranges from A(exueme1y unstable) to 

D = Neutral stability with respect to wind direction 
Data from DOE 1993a 

Note Analysis of data performed by computer program based on algonthms presented in U S EPA 1987 On site 
Meteorological Program Guidance for Regulatory Modeling Application 
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TABLE 3 3-2 (contfaucd) 
ROCKY FLATS 

WIND PREQhUCY DISTRIBUTION BY PEaC3NT IN 1993 
(WIND SPEED, DIRECTION, ANB STABILITY) 

STABILITY INDEX 8' 

FROM JANUARY 1,1993 THROUGH DECEMBER 31,1993 

+ - - WIND SPEED CLASSES (KNOTS)-- -3 

DIRECTION <3 0 3 046 0 6 0 4 0  0 10 0 <I6 Q 16 0 ~21.0 >=21 Q Choo' TOTAL' 

N 

"E 

NE 

ENE 

E 
ESE 

SE 

SSE 

S 

ssw 
sw 

7 

7 

6 

3 

4 

5 

6 

5 

1 

3 

0 

3 7  

5 1  

4 4  

33 

3 6  

6 4  

63 

4 2  

2 0  

8 

3 

6 1  

5 9  

50 

3 5  

4 1  

6.2 

7 9  

4 5  

1 6  

6 

4 

00 

00 

0.0 

0 0  

00 

0 0  

00 

00 

00  

0 0  

0 0  

0 0  

00 

00 

00  

00 

00 

00  

00 

00 

00 

00 

00  

00 

0.0 

00 

0 0  

00 

00 

00 

00 

0 0  

00 

10 44 

11 73 

9 97 

706 

8 20 

13 02 

14 73 

9.25 

3 63 

1 72 

67 

63 

71 

60 

42 

49 

78 

89 

56 

22 

10 

04 

wsw 1 2 7 0 0  0 0  00 105 06 

W 2 2 7 00  00 00 114 07 

WNW 1 2 1 1  00 00 00 148 09 

Nw 3 3 10  0 0  0.0 00 162 10 

NNW 6 1 4  2 3  00 00 00 4 29 26 

TOTAL 5 9  42 5 51 5 0 0  00 00  100 00 6 01 

Total number of hourly samples in this stability class is 
525 (moderateIy stable) 
qotal percent for this stability class 
Total percent relatwe to all stability classes 

Stability Index ranges from A (extremely unstable) to F 

D = Neutral stability with respect to wind direction 
Data from DOE 1993a 

Note Analysis of data performed by computer program based on algorithms fKestnted in U S  EPA 1987 On-site 
Meteorological Program Guidance for Regulatory Modeling Application 
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TABLE 3 3 2 (continued) 
ROCKY FLATS 

WIND FREQUENCY DISTRIBUTION BY PERCENT IN 1993 

STABILITY INDEX C' 

FROM JANUARY 1,1993 THROUGH DECEMBER 31,1993 

+ WIND SPEED CLASSES (KNOTS) + 
DIRECTION c30 3 0 ~ 6 0  6 0 <lo 0 10 0 c16 0 16 0 <210 >=210 Classb TOTAL' 

N 

"E 

NE 

m 
E 

FSE 

SE 

SSE 

S 

wsw 
W 

WNW 
Nw 
NNW 
TOTAL 

4 

5 

2 

3 

4 

2 

4 

2 

1 

1 

3 - 
I 

1 

3 - 
I 

3 

4 3  

25  

2 9  

3 1  

1 9  

2 6  

2 5  

3 7  

2 5  

13  

5 

3 

z 
3 

3 

7 

1 7  

27 0 

86  

65  

4 3  

2 2  

2 1  

43  

64  

67  

15 

7 

7 

7 

18 

2 2  

1 9  

3 9  

54 7 

2 2  

1 0  

6 

4 

2 

1 

8 

8 

2 

3 

2 

9 

1 6  

2 1  

12  

1 3  

14 0 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

00  13 74 

00  10 82 

00  8 22 

0 0  4 84 

00  5 27 

00  7 15 

00  11 34 

0 0  10 30 

0 0  3 32 

0 0  156 

00  146 

0 0  198 

00  3 80 

0 0  4 84 

00  4 19 

0 0  7 18 

00  10000 

121 

95 

72 

43 

46 

63 

1 00 

91 

29 

14 

13 

17 

33 

43 

37 

63 

8 81 

Total number of hourly samples in this stability class is 
770 (moderately stable) 
'Total percent for this stability class 
'Total percent relative to all stability classes 

Stability Index ranges from A (extremely unstable) to F 

D = Neutral stability with respect to wind direction 
Data from DOE 1993a 

Note Analysis of data performed by computer program based on algonthms presented in U S EPA 1987 On site 
Meteorological Program Guidance for Regulatory Modeling Application 
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TABLE 3 3 2 (contlnued) 
ROCKY FLATS 

WIND FREQUENCY DISTRIBUTION BY PERCENT IN 1993 

STABILITY INDEX D' 

FROM JANUARY 1,1993 THROUGH DECEMBER 31,1993 

+ - ---WIND SPEED CLASSES (KNOTS)-- - -+ 
DIRECTION <30 3 0  <60 60-<lo0 100-<160 160-<210 >=210 Class' TOTAL' 

N 

"E 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

ssw 
sw 
wsw 
W 

WNW 

Nw 
NNW 

TOTAL 

2 

3 

3 

2 

1 

1 

1 

2 

2 

2 

2 

3 

2 

4 

3 

3 

3 5  

1 3  

1 4  

1 1  

9 

7 

7 

1 0  

1 2  

1 4  

1 5  

1 2  

1 1  

1 7  

21  

20  

1 7  

21 1 

t 

2 9  

1 8  

1 2  

8 

7 

6 

17  

2 5  

20  

1 9  

1 9  

1 8  

21  

27  

26  

3 6  

2 5  

1 2  

7 

2 

2 

2 

4 

10 

9 

8 

14 

2 5  

41 

67 

3 0  

24 

3 

1 

00 

00 

00 

00 

00  

0 0  

1 

1 

1 

7 

2 2  

37  

10 

02  

00  

00 

0 0  

00 

00 

0 0  

00 

00 

0 0  

0 0  

0 0  

3 

26 

4 2  

7 

1 

7 34 

4 76 

326 

204 

1 68 

1 54 

3 26 

4 92 

4 54 

4 55 

4 76 

6 77 

12 99 

19 72 

9 63 

8 24 

30 7 28 2 86  80 10000 

3 17 

2 05 

141 

88 

73 

67 

141 

2 12 

1 lg6 97 e 
206 

2 93 

5 61 

8 52 

4 16 

3 56 

43 19 

Total number of hourly samples in this stability class 
1s 3774 (moderately stable) 
'Total percent for this stability class 
Total percent relative to all stabilrty classes 

Stability Index ranges from A (extremely unstable) to F 

D = Neutral stability with respect to wind d i m o n  
Data from DOE 1993a 

Note Analysis of data performed by computer program based on dgontbms presented in U S EPA 1987 On-nte 
Meteorological Program Guidance for Regulatory Modeling AppIication 
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TABLE 3 3 2 (continued) 
ROCKY FLATS 

WIND FREQUENCY DISTRIBUTION BY PERCENT IN 1993 

STABILITY INDEX E' 

FROM JANUARY 1 1993 THROUGH DECEMBER 31,1993 

+ WIND SPEED CLASSES (KNOTS) + 
DIRECTION <30 3 0 < 6 0  6 0 < 1 0 0  100<160 160<210 >=210 Class' TOTAL' 

N 7 2 4  19 2 0 0  0 0  5 24 1 1 1  

"E 9 21  2 5  3 00  0 0  5 83 1 24 

NE 5 1 5  1 1  1 00 0 0  3 21 68 

ENE 5 1 7  9 1 00 0 0  3 21 68 

E 2 1 1  8 1 00  0 0  2 09 44 

ESE 2 7 4 0 0  00  0 0  1 3 3  28 

SE 1 1 2  9 0 0  0 0  0 0  2 29 49 

SSE 5 1 9  2 6  1 0 0  0 0  5 02 1 07 

sw 
wsw 
W 

5 3 2  

7 3 1  

4 7  

3 8  

0 0  

0 0  

0 0  8 47 1 80 

0 0  7 65 1 62 

5 3 5  6 1  0 0  0 0  0 0  10 05 2 13 

7 35 6 6  0 0  0 0  0 0  10 77 2 29 

8 4 0  2 0  0 0  0 0  0 0  6 79 1 4 4  

WNW 8 4 5  2 9  0 0  00  0 0  8 20 1 14 

Nw 8 4 2  4 7  1 00  0 0  9 69 2 06 

NNW 8 3 2  5 9  2 00  0 0  10 16 2 16 

TOTAL 9 2  41 7 47 8 1 3  0 0  0 0  100 00 21 22 

'Total number of hourly samples in this stability class 
is 1854 (moderately stable) 
bTotal percent for this stability class 
Total percent relative to all stability classes 

Stability Index ranges from A (extremely unstable) to F 

D = Neutral stability with respect to wind direction 
Data from DOE 1993a 

Note Analysis of data performed by computer program based on algonthms presented in U S EPA 1987 On site 
Meteorological Program Guidance for Regulatory Modeling Application 
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TABLE 3 3 2 (continaed) 
ROCKY FLATS 

WIND FREQUENCY &BISTRIBU?ION BY PERCENT IN 1993 

STABILITY INDEX FB 

FROM JANUARY 1,1993 THROUGH DECEMBER 31,1993 

+ WIND SPEED CLASSES (KNOTS)-----+ 

DIRECTION <3 0 30<60 604100 100-*160 1 6 h 2 1 0  m 2 l O  Clad TOTAL' 

N 2 9  4 3  00  00 00 00 7 16 82 

"E 2 1  2 3  00  00  00 ao 4 42 51 

NE 2 2  1 9  00 00 00 00 4 11 47 

ENE 1 7  1 7  0 0  00  00 00 3 49 40 

E 1 7  1 6  00  00  00 0 0  328 38 

ESE 15 17 00  00 00 00 3 15 36 

SE 22 2 3  00  0 0  00 00 4.55 52 

SSE 2 1  3 0  00 00 00  0 0  5 07 5 8  

S 

ssw 
sw 
wsw 
W 

WNW 

Nw 

2 5  3 5  00 

2 5  4 6  0 0  

00 

00  

00 00 606 

00 0 0  7 10 82 

2 9  4 6  00  00  00 0 0  7 52 86 

3 2  5 8  0 0  0 0  00 00  9 05 104 
1 

3 4  4 9  0 0  00  00 00 8 28 95 

3 7  5 1  0 0  00  00  0 0  8 82 101 

3 7  5.3 00 0 0  00  00 8 98 1 03 

"w 3 5  5 4  00  0 0  0.0 00 8 95 103 

TOTAL 41 9 58 1 00  0 0  00 00 10000 11 48 

Total number of hourly samples in this stability class IS 

1003 (moderately stable) 
bTotal percent for this stability class 
Total percent relative to all stability classes 

Stability Index ranges from A (extremely unstable) to F 

D = Neutral stability with respect to wind direchon 
Data from DOE 1993a 

Note Analysis of data performed by computer program based on algmthms presented in U S  EPA 1987 On-site 
Meteorological Program Guidance for Regulatory Modeling Applmmon 
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TABLE 3 3 2 (concluded) 
ROCKY FLATS 

WIND FREQUENCY DISTRIBUTION BY PERCENT 1993 

STABILITY INDEX ALL 

FROM JANUARY 1,1993 THROUGH DECEMBER 31,1993 

+ WIND SPEED CLASSES (KNOTS) + 
DIRECTION e 3 0  3 0 ~ 6 0  6 0 d O O  1 0 0 ~ 1 6 0  1 6 0 ~ 2 1 0  >=210 Class' TOTAL' 

N 

"E 

NE 

ENE 

E 

ESE 
SE 

SSE 

@sw 
sw 
wsw 
W 

WNW 

Nw 

NNW 

TOTAL 

9 

9 

7 

6 

6 

5 

6 

7 

6 

6 

6 

7 

7 

9 

9 

9 

11 3 

25 

25 

23 

2 1  

21 

22 

26  

22  

22  

20  

19  

20  

23 

26 

2 6  

25  

36 5 

28  

2 2  

14  

9 

9 

1 1  

2 0  

25  

2 1  

17 

22  

2 3  

15  

2 0  

2 3  

3 3  

31 4 

13 

7 

4 

1 

1 

1 

3 

5 

4 

4 

6 

12  

19 

3 1  

1 4  

12  

13 7 

1 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

3 

1 0  

1 6  

4 

1 

37  

00  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

00  

00  

1 

1 1  

1 8  

3 

1 

3 5  

7 67 

6 30 

4 82 

3 74 

3 69 

3 96 

5 45 

5 89 

5 34 

4 84 

5 33 

6 60' 

8 54 

11 96 

7 91 

7 96 

10000 

7 67 

6 29 

4 82 

3 74 

3 68 

3 96 

5 45 

5 89 

5 34 

4 84 

5 33 

6 60 

8 54 

11 95 

7 91 

7 96 

99 97 

'Total Number of hourly samples in all stability 
classes is 8736 stable) 
%tal percent for this stability class 
'Total percent relative to all stability classes Annual 
data recovery = 99 9 percent 
Number of Hours of Data 8808 

Stability Index ranges from A (extremely unstable) to F (moderately 

D = Neutral stability with respect to wind direction 
Data from DOE 1993a 

Note Analysis of data performed by computer program based on algorithms presented in U S EPA 
1987 On site Meteorological Program Guidance for Regulatory Modeling Application 
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TABLE 3 5-5 
BOREHOLES AND MONITORING WELLS TEAT 

PENETRATED QUATERNAKYROCKY FLATS ALLUVIUM 

BOREHOLES M O N I T O R I N G G S  

* 60092 
* 60192 
* 60292 
* 60392 
* 60492 
* 60692 

61 192 
61292 
61392 
6 1492 
61692 
61792 
61892 
62 192 
62292 
62392 
62492 
62592 
62692 
62792 
62892 
62992 
63092 
63 192 
63292 
63392 

* 63592 
* 63692 

66092 
66192 
66292 
66392 
66492 
66592 
66692 

* 66792 
* 66892 
* 66992 
* 67092 
* 67192 
* 67292 

67392 
* 67492 
* 67592 

* 67792 
* 67892 
* 67992 
* 68092 
* 68192 
* 68292 

68392 
* 68492 
* 68592 
* 68692 
* 68792 
* 68892 
* 68992 
* 69092 

69192 
69292 

* 69392 
* 72292 
* 72392 
* 72492 
* 72592 
* 72692 

72792 
* 72892 
* 72992 
* 73092 
* 73292 
* 73392 
* 73492 
* 73592 
* 73692 
* 73792 
* 73892 
* 73992 
* 74092 
* 74192 
* 74292 
* 74392 

74492 
* 74592 
* 74692 
* 74792 
* 74892 
* 74992 

* 77692 
* 77792 
* 778% 
* 77992 

78192 
78292 
78392 
78492 
78592 

* 40093 
* 40293 

40393 
* 40493 

40593 
40693 

* 40793 
* 40893 
* 40993 
* 41293 
* 41593 
* 41793 

42093 
42 193 
42293 
42493 
42593 
42893 
43193 
43393 

* 43493 
43693 
43793 
44093 
44193 
44393 
44593 
44793 
46593 
46693 
46793 

* 47093 
* 70093 
* 70193 
* 70293 

* 2386 
* 2486 
* 2% 
* 2886A 
* 2986 

3486 
* 2187 
* 2287 
* 3887 
* 3987 

6087 
6187 
6287 
6387A 
6487 
6587 
6687 
6787A 
6887 
7087 
7187 
7287 

* 3206189A 

B206289 
B206389A 
B206489 
B206589 
H07389 

* P207489 
* F207689A 
* P207789 

P207889 
E07989 

* I208989 
* PZW89 

P2095s9 
* P209689 
* €209789 
* P220289A 

P21388B 
P213989 

* €218089 
* P218389 
* P219089 

P219189 
* P219489 

* P219589 
* P313489 
* P317989 
* P320089 

249 1 
* 2691 
* 42792 
* 42892 

42992 
* 43192 
* 46692 
* 46792 
* 46092 

75892 
* 76192 
* 76292 
* 76792 

76992 
77392 
n492 

* 5193 
5393 

1 

* 77592 * 70393 * 67692 
A - Abandoned well 

sheet 1 of 1 



TABLE 3 5-6 
BOREHOLES AND MONITORING WELLS THAT PENETRATED 

QUATERNARY HIGH TERRACE ALLUVIUM 

BOREHOLES MONITORING WELLS 

None 1886 

sheet 1 of 1 
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TABLE 3 5-7 
BOREHOLES AND MONITORING WELLS "EAT FEZYETBATED 

QUATERNARY VALLEY-FILL A L L U W  

BOREHOLES MONITORING WELLS 

None 486A 
586 
686 
786 
1186A 
1286A 
1386 
1486 
1586 
1786 
3486 

3586 
3686 
3786 
3886 

* 2287 
4087 
4287 
B2 
B 2 f l ? ~  
B207189A 
B208089A 

B208789 
B210389 
B210489 
P209989 
p210089 
e9991 
41091 
41691 

* 75092 
151L92 
77192 

A Abandonedwell 
* - Upper powon of seaon may be d~sturbad by man-made activity 

I 



TABLE 3 5-8 
BOREHOLES AND MONITORING WELLS THAT 

PENETRATED QUATERNARY COLLUVIUM 

BOREHOLES MONITORING WELLS 

6 1992 
64992 
65492 
65992 

1586 B207289 B208689 
1786 B208089 B2 10389 
3786 * B208189 B210489 

* 2187 B208289 B213789 
* 2287 B208389 75992 

B206689 B208489 76792 
B206889 B208589 77192 

* - Upper pomon of secuon may be d~sturbed by man-made actmty 

Sheet 1 of 1 
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TABLE 3 5-9 
BOREHOLES AND MONITORING WELLS TaAT 

BOREHOLES M 0 " G W B U S  

# 60092 
# 60192 
# 60292 
# 60392 
# 60492 
# 60692 
# 63592 
# 63692 
64792 
64892 
65092 
65192 
65292 
65392 
65692 
65892 

# 66892 
# 66992 
# 67092 
# 67192 
# 67292 
# 67392 
# 67592 
# 67692 
# 67792 
# 67892 
# 67992 
# 68092 
# 68192 
# 68292 
# 68392 
# 68492 
# 68592 
# 68692 
# 68792 
# 68892 
# 68992 
# 69092 

# 69192 
# 69292 
# 69392 
# 72292 
# 72392 
# 72492 
# 72592 
# 72692 
# 72792 
# 72892 
# 72992 
# 73092 
# 73292 
# 73392 
# 73492 
# 73592 
# 73692 
# 73792 
# 73892 
# 73992 
# 74092 
# 74192 
# 74292 
# 74392 
# 74492 
# 74592 
# 74692 
# 74792 
# 74892 
# 74992 
# 77592 
# 77692 
# 77792 
# 77892 
# 77992 
THO46392 
THO46692 
THO46892 

40093 
40293 
40393 
40493 
40593 
40693 
40793 
40893 
40993 
41293 
41593 
41793 
42093 
42 193 
42293 
42493 
42593 
42693 
42893 
43 193 
43393 
43493 
43693 
43793 
44093 
44193 
44393 
44593 
44793 
46593 
46693 
46793 
47093 
70093 
70 193 
70293 
70393 

. 

1986 
2386 
2486 
2786 
2886A 
2986 
3086 
3186 
3286 
2187 
2287 
3887 
3987 
B206 l89A 
8206389A 
B206489 
B205789 
B248189 

P207389 
P207489A 
P207689 
P207789 
P207889 
P207989 
Eo8889 
moa989 
pM9489 
P209589 
P209689 
P209789 
€209889 
P210289A 
P2 18089 
P218389 
€??I9089 
P219189 

... 

P219489 
€219589 
P3 13489 
P3 17989 
P320089 
269 1 
42792 
42892 
42992 
43 192 

# 75892 
# 76192 
76292 
77492 
THO46792 
THO46992 
THO47092 
5193 
5393 



TABLE 3 5-10 
BOREHOLES AND MONITORING WELLS THAT PENETRATED 

UPPER CRETACEOUS CLAYSTONE AND/OR SILTSTONE 

BOREHOLES MONITORING WELLS 

* 60692 
61992 
62092 
62792 

* 63592 
* 63692 
* 64792 
* 64892 

64992 
* 65292 
* 65392 
* 65592 
* 65692 
* 65792 
* 65892 
* 66892 
* 66992 ;;;: 
* 67392 

67492 
* 67592 
* 67692 
* 67792 
* 67892 
* 67992 
* 68092 
* 68292 
* 68392 
* 68492 
* 68592 

* 68692 
* 68792 
* 68892 
* 68992 
* 69092 
* 69192 
* 69292 
* 69392 
* 72292 
* 72392 
* 72792 
* 72992 

73092 
* 73592 
* 73692 
* 73892 
* 73992 
* 74092 
* 74192 
* 74292 
* 74392 
* 74492 
* 74592 
* 74692 
* 74792 
* 74992 
* 77592 
* 77692 
* 77792 
* 77892 

78092 
* THO46392 

* THO46692 
* 40093 
* 40393 
* 40493 
* 40593 
* 40693 
* 40793 
* 40893 
* 40993 
* 41293 
* 41593 
* 41793 
* 42093 
* 42193 
* 42493 
* 42593 
* 42693 
* 42893 
* 43393 
* 43693 
* 43793 
* 44093 
* 44193 
* 44393 
* 44593 
* 44693 
* 46593 
* 46693 
* 46793 
* 70093 
* 70193 
* 70293 
* 70393 

48644 
586 
686 
786 
886 
1 186A 
1286A 
1386 
1486 
1586 
1686 
1786 
1886 

* 1986 
* 2386 
* 2486 
* 2786 
* 2886A 
* 2986 
* 3086 
* 3186 
* 3286 

3486 
3586 
3686 
3786 

* 3886 
* 2287 
* 3987 

4087 
4187 
4287 
6387A 
6487 
6587 
6687 
6787A 
6887 

7187 
7287 

* B206189A 
B206289 

* B206389A 
* B206489 

B206589 
B206689 
B206789 
B206889 
B207089 
B207 189A 
B207289 
B208089 

* B208189 
B208289 
B208389 
B208489 
B208589 
B208689 
B208789 
B210389 
B2 10489 
B213789 
B2 17689 
P207389 
P207489A 

* P207689 
* P207789 

P207889 
* P207989 
* P208889 
* P208989 
* P209489 
* P209589 
* P209689 
* P209789 

P209889 

P2 10089 
* P210289A 

P2 13989 
* P218089 
* P218389 
* P219089 
* P219189 
* P219489 
* P219589 
* P313489 
* P317989 
* P320089 
* 02491 
* 2691 

4099 1 
41091 
41691 

* 42792 
* 42892 

44492 
46392 
46692 
46792 
46892 

* 75092 
75292 

* 75892 
75992 

* 76192 
76792 
76992 
77392 

* 77492 
B206992 
THO46792 
THO46992 
THO47092 

* 5193 
7087 P209989 * 5393 

A - Abandoned well 
* - Upper portion of secuon consists of man-made deposits I 

Sheet 1 of 1 



TABLE 3 5-11 
BOREHOLES AND M O I W I ' O m G W  THATPENETRATED 
THE UPPER CRETACEOUS ARAPAaoE NU 1 SANbsToNE 

BOREHOLES MOMTORINGWEUS 

* 67692 
* 72292 
* 72892 
* 73392 
* 73492 
* 73792 
* 77792 
* THO46892 

* 40493 * 3186 * P207389 * P218389 
* 40993 * 3286 * P208889 * E219589 
* 42193 3486 * P208989 2491 
* 70193 * 2287 * P2094?l9 * 2691 
* 70293 6487 P213889 42792 

6687 P213989 * 42992 
* B217689 * P218089 46792 

* 76292 

* - Upper pornon of seaon consmi of man-made tieposts 

Shcetlofl 
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TABLE 3 6 3  
S" DIAGRAM GROUNDWATER DATA 

Sample Date 4/13/93 
-cation#- Meesured co~rratIrn(&) lIuwkL %t& 

calcium (Ca+') 123 3 0689 6.14 41 66 

Magncslum W+') 41 6 17114 3 42 23 23 
Potasslum (IC+) 156 0 0399 084 0 27 
!hdnUn (Na3 118 5 1330 113 34 84 

Iron (FC+') 0005 0 ooo1 OB0 000 
14 73 

-AnBons- 
Bl--ma? 530 8 6867 869 6609 

cadmate ( 0 3  ') 10 
chlm& (a? 82 

sulfatc(5042) 87 

0 1666 0.33 2 54 
2 3132 2.31 17 60 
0 9057 L81 13 78 

13 14 
CatiOdAldom Bdtacc 5 7oa/. 
TDS CIilepldcd @#I,) 993 17 

wdl lrtra(LHSu) 

W l e D a t e  4/13/93 

156 
466 
6 26 
229 

0 005 

370 
10 
84 

-* 560 

3 1% 

3 8922 
19171 
0 16ul 
9 9615 
0 o001 

6 0643 
0 1666 
2 36% 
5 82% 

178 
3.83 
0.16 
9% 
000 
21 74 

6.86 
0 33 
2.37 
11 66 
20 43 

52 83 
26 03 
109 

67 61 
000 

46 14 
2 54 
18 03 
88 70 

d 



TABLE 3 6-3 
STIFF DIAGRAM GROUNDWATER DATA - 

Well 1586 (UHSU) 
Sample Date 4/13/93 \ 

-Cations- Measured Concenmhon (ma) mmole/l %meq/L 

I 

calcium 
Magneslum (Mg+2) 

POtasSlwn (K+) 
sodium (Na3 

Iron 

191 
47 1 
206 
119 

0 0069 

--AnlonS- 
Bicarbonate (HC03’) 380 

Carbonate (C03 2, 10 
Chlonde (CI ) 100 

S&te ( S a  2, 160 

4 7655 
19377 
0 0527 
5 1765 
0 o001 

6 2282 
0 1666 
2 8210 
16656 

CatiodAnioa Bdrnce 19% 
TDS Calculated (mg/L) 1009 17 

Well 1686 (LHSU) 
Sample Date 4/23/93 

-Cations- Measured Concentrahon (ma) mmoleL 
CalClum (ca+2) 1 40 3 4930 

Magneslum 44 a 
Potasslum (K3 7 31 
Sodrum (Na? 248 

Iron (Fe”) 0 0042 

-Anloas- 
Bicarbonate (HCO3 ) 360 

carbonate (C03 2, 1 

18431 
0 1870 
10 7880 
0 o001 

5 9004 
0 0167 

953 51 14 
388 20 80 
005 0 28 
5.18 27 78 
aoo 000 
18 64 

623 48 99 
0.33 2 62 
282 22 19 
333 26 20 
12 71 

Yo meqL 
6 99 37 49 
3.69 19 78 
0 19 100 
10 79 57 89 
000 000 
21 65 

SM) 46 41 
0 03 0 26 

Chlonde (Cl ) 
Sulfate  SO^ 2, 450 

Emlanabon 
UHSU- Upper hydrostrabgmpiuc mt 
LHSU- Lower hydrostratqgaphc mt 
TDS- Total ~ I S S O I V ~ ~  SOII~S 

( 4 0 4 ‘ 9 1 0 0 2 ~ S 2 1 ~ 7 S 3 6 3 ~ ~ ~ S 3 ~ P ~  

i 



TABLE 3 6-3 
STiFF DIAGRAM GROUNDWATER DATA 

well 1986 

-Catha- Measuredconcmtraton(m~) mmowL nmtqn 
SampIe Date 2/12/93 

caluum (ca+2) 114 2 8443 $69 33 87 

-mw+) 182 7 917& 792 47 13 

Magnesium w+2) 34 2 1 4070 2.81 16 76 
Potassrum (IC+) 1 8  00460 aes 0 27 

Iron 9 24 0 I655 6.33 197 

-Aaiou- 
16 80 

Bl--wa-) 650 10 6535 1 W  76 09 
calhmte ( 0 3  *) 1 0 0167 am 0 24 

m o *  (CI-) 85 2 3979 f40 17 13 
sulfatt(so42) 44 0 4580 692 654 

14 00 
C.tioa/A.ioaBdrace 9 08% 

TDs CdCd8td (mfi) 1121 24 

WELL 4287 (UHSU) 
SampkDate 5/11/93 

-C.tioac Measund Conccnmon (mg/L) mmofc/l %mcq/L 
95 3 
14 3 
1 08 
32 2 

0 0238 

2 3777 4 76 28 31 
05883 1 18 7 01 
0 0276 003 0 16 
1 4007 140 8 34 
OOOO4 000 0 01 

736 
-Anioar- 

Bl--wm3 280 4 5892 459 32 78 
carbonate (C03 2, 10 0 1666 0 33 2 38 

Chlonde (CI-) 14 0 3949 0.39 2 82 
sulfate (so4 33 0 3435 0 69 4 91 

600 
c 8 t i o n / A n f o a B d ~  10 15% 
TDS Cdd.ted (mg/L) 479 90 

Shces3d9 



TABLE 3 6-3 
STIFF DIAGRAM GROUNDWATER DATA a 

Well 6487 (UHSU) 
Sample Date 4/12/93 

-Ciaonti Measured Concentrabon (ma) rneqfL % m& %me@ 
calcium 77 4 19311 386 56 20 

Magnesium (Mg+2) 13 4 0 5513 110 16 05 

Sdum (Na? 27 9 12137 121 17 66 
Potasslum (K? 1 5  0 0384 004 0 %  

Iron (Fe") 18 3 0 3278 066 9 54 
6 87 

-Anions- 
Bicarbonate+ (HCO, ) 200 3 2780 328 58 69 

Chloride+ (CI] 53 1 4951 150 26 77 
Sulfate*  SO^ '1 23 0 2394 048 8 57 

carbonate (C03 ') 10 0 1666 0 33 5 97 

5 59 
CabodAmon Balance 10 33% 
TDS Calculated (mg/L) 424 50 

* Amon data hrn 4/9/93 

Well 7187 (UHSU) 
Sample Date 4/9/93 

-Cabom- m % %m /L 
Calaum (Ca+') 71 4 17814 356 51 84 

Potasslum 0 422 0 0108 0 01 0 16 
Magnesium (Mg+') 7 97 0 3279 066 9 54 

Sdum (Na? 8 0 3480 0 3s 506 
Iron @e+') 0 03 0 0005 000 0 02 

4 58 
-AnronS- 

Bicarbonate ("CQ ) 200 3 2780 328 58 69 

Chlonde (Cl ) 2 5  0 0705 0 07 1 26 
Carbonate (C03 ') 1 0 0167 0 03 060 

Sulfate  SO^ 2, 27 0 2811 056 10 06 
3 94 

Catrodhion Bdilrce 7 45% 
TDS Calculated ( m a )  318 32 

Emlanatlon 
UHSU- Upper hydrostratqraphc umt mg/L mlligramsfliter 
LHSU- Lower hydrostraUgraphC wt mmolefL - mllimolesfliter 

TDS- Total & S S O ~ V ~ ~  ~011ds me@ - mllieqwvalentsfliter 

I 



TABLE 3 6-3 
STIFF DIAGRAM GRQUNDWATER DATA 

wdl7287 (UHSU) 
Sample Date 4/9/93 

-Cation#- Mcawedcoacentratlon(~g/L) %& %merl/L 

-Anion* 
B~carbanate (HCO,? 

Cahnate (C03 ') 
Chlondc (Cl3 

subte (So4 

69 6 
11 8 

0 422 
14 

0 03 

210 
1 
7 

51 

3 37% 
364 85 

17365 
0 4855 
0 010s 
06090 
0 Ooos 

3.4419 
0 0167 
0 1975 
0 5309 

3 47 68 57 
097 19 17 
0 01 0 21 
0 61 12 02 
800 0 02 
506 

344 I 2  70 
0 03 0 70 
020 4 17 
106 22 43 
4 73 
- 

Wdl B206189 (U€ISU) 
Sample Date 3/12/91 

-Cations- Meawlred (.bca&auon (W) "/om#ln ./.e 
calclum (ca+2) 123 3 0689 6.14 121 1% 

p--m 3 15 a0806 908 L s9 
(Na3 118 5 1330 S 13 101 34 

Iron (Fe+*) 0 0317 OOOO6 (bw 0 02 

Magnesium (M8'2) 23 4 0 %27 1 93 38 02 

13 28 
-Mioar- 

B~carbonate (HCQ? 442 7 2444 724 153 01 
Carbonate (C03 ') 10 0 1666 833 704 

Chlondc (ai-) 62 4 17603 1 76 37 18 
sulfate (so42) 865 0 9005 140 38 04 

11 14 
Cath/An&n Bal.ace 8 76% 

TDS Calculated (mm) 868 48 

sheet 5 of 9 



TABLE 3 6-3 
STIFF DIAGRAM GROUNDWATER DATA 

Well B206589 (UHSU) 
Sample Date 4/16/93 - Cations Measured Concentrauon ( m a )  meqL % me@- 96 mcq/L 

Calcium (Ca") 
Magnesium (Mg") 

Potassium (K') 
Sodium (Na+) 

Iron (Fe'') 

Adom- 
Bicarbonate *(HCO3 ) 

Carbonate (C03 ') 
Chlonde*(Cl ) 

Sulfate *(SW '1 

CatiodAnion Balance 
TDS Calculated (mg/L) 

98 5 
29 9 
3 42 
68 4 

0 0073 

360 
1 

69 
63 

6 356 
693 23 

2 4576 4 92 47 09 
1 2301 246 23 57 
0 0875 009 0 84 
2 9754 2 98 28 50 
0 o001 000 000 

10 44 

59004 590 64 19 
0 0167 0 03 0 36 
19465 1 95 21 18 
0 6558 131 14 27 

9 19 

*Anion data from 2/2/93 sample 

Well B206689 (UHSU) 
Sample Date 4/21/93 - Cations Measured Concentration (mgL) mCqn %mcq/L %meq/L 

Calcium (Ca") 89 6 2 2355 4 47 42 83 
Magnesium (Mg") 26 8 1 1026 2 21 21 13 

Potassium (K+) 173 0 0443 004 0 42 
Sodium (Na*) 77 8 3 3843 338 32 42 

Iron (Fe*') 5 0 0896 0 18 172 
10 28 

Anions 
Bicarbonate (HCO3 ) 250 4 0975 4 10 44 58 

Carbonate (C03 ') 10 0 1666 0 33 3 63 
Chloride (C1 ) 75 2 1158 2 12 23 02 

Sulfate (SO4 ') 130 13533 2 71 29 45 
9 25 

CatiodAnion Balance 5 288 
TDS Calculated (mg/L) 665 93 

ExDlanatlon. 
UHSU Upper hydrostratigraphic unit mg/L milligramsfliter 
LHSU Lower hydrostratigraphic unit m m o l d  millimoles/litcr 

TDS Total dissolved solids meq/L milliequivalentsfliter 
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TABLE 3 63 
STIFF DIAGRAM GROUNDWATER DATA 

W d l B M 7 0 8 9 ~ U )  
SampIeDate MOD3 

-c8$ion8- IhdcumdCoaccntraEloa(mg/L) %& %& 
calclum (ca+3 154 3 8423 768 23 86 

Magncmum 464 19089 382 11 85 
--m 6 97 0 1783 a18 0 55 

m (FC+*) 0 005 0 0081 000 000 
472 20 5320 a53 63 74 

32 21 
-Auonr- 

-=mm9 370 6 0643 64M 19 37 

Chlonde (el-) 470 13 2587 13 26 42 34 
SulfatC(sm 560 5 82% 1L66 37 23 

-(ccyf'3) 10 0 1666 033 106 

31 32 
c ~ ~ m . n c c  141% 

TDs CdCd8tcd (m) 2089 38 

WdlB208789 (UHSU) 
Sample Date 4/9/92 

-cltioati Ikwmccd-m(e) %& %mu@ 
auum (Ca'z) 131 5 32809 636 20 37 

WP== w+3 35 9 14769 2.95 9 17 -- @+I 0646 0 0165 a02 0 05 
sodl- (Na3 125 5 5 4593 546 16 95 

Iron 0 0071 0 Oool a00 000 

-Aaioa+- 
14 99 

B l d e W Q 9  390 6 3921 6.39 20 41 

Chlondc (CI? 130 3 4673 3 67 11 71 
sulfate (So4 2, 190 19779 3 %  12 63 

carbonate (co3 1 OQ167 e 03 0 11 

14 05 
c8tiolr/AniollB8hCe 3 25% 
TDS Clllerrl.tcd (mdL) low 55 



TABLE 3 6-3 
STIFF DIAGRAM GROUNDWATER DATA a 

Well P210089 (LHSU) 
Sample Date 4/23/93 

-Cations- Measured Concentrauon (mglL) meqlL YO me& % me@ 
calcium (el+’) 440 10 9780 21 96 47 35 

Magnesium (Mg+’) 123 5 0602 10 12 21 83 
Potassium 7 85 0 2008 0 20 0 43 
Sdum @a’) 324 14 0940 14 09 30 39 

Iron (Fe+2) 0 002 OoooO 000 000 
46 37 

-Anions- 
Bicarbonate (HCQ ) 130 2 1307 2 13 3 45 

Carbonate (C03 ’) 1 0 0167 0 03 0 05 
Chlonde (Cl? 1300 36 6730 36 67 59 40 

Sulfate  SO^ ’1 1100 11 4510 22 90 37 09 
61 74 

CatiodAaion Balance 14 21% 
TDS Cdculrtcd (m@) 3425 85 

Well B210389 (LHSU) 
Sample Date U2Ot93 

-Catms- Measured Concentrauon ( m a )  meqL %meq/L %meqlL 
154 

46 4 
6 97 
472 

-AOloOS- 

BlcarboMk (HCO3 ) 370 
Carbonate (C03 ’) 10 

3 8423 7 68 16 57 
1 9089 3 82 8 23 
0 1783 0 18 0 38 

20 5320 20 53 44 28 
000 
32 21 

6 0643 606 9 82 
0 1666 0 33 0 54 

Chlonde (Cl ) 470 13 2587 13 26 21 48 
Sulfate (SW ’1 560 5 8296 11 66 18 88 

31  32 
CatiodAnion Balance 141% 
TDS Calculated (mg/L) 2089 37 

* No data for Fe+’ 

Emlanauon 
UHSU Upper hydrostraugrapluc w t  mg/L - rmlligramslliter 
LHSU- Lower hvdrostraugrapluc urut mmole/l nullimolcslliter 
TDS- Total ~ I S S O ~ V ~ ~  S O I ~ ~ S  meqL nullieqwvalents/liter 

%- 
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TABLE 3 6-3 
STIFF DIAGRAM GROUNDWATER DATA 

Well76292 (UHSU) 
Sample Date 4/21/93 

-Cat100+ h4cammd Concentmuon (mg/L) %mq/L Yo morl/L 
calctum 79 8 19910 398 62 25 

Masneslum 15 9 0 6341 131 20 46 
Potasslum (IC+) 3 94 0 1008 a10 1 58 
mum(Na3 23 1 1 0049 1Q8 15 71 

iron @e+’) 0 0072 ooO01 O B 0  000 
640 

-Anroll* 

B--mo33 i m  2 7863 2.79 66 45 
catmnate ( a 3  ’1 10 0 1666 -a33 7 95 

Chlonde (Cl3 10 0 2821 02% 6 73 
sulfate (So4 z, 38 0 3956 0 79 18 87 

4 19 
CatiodAnrOa Balance 20 81% 
TDS C.larl.ted (InglL) 350 75 
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TABLE 3 7 2 
WAFHZTT CREEK BASIN-WIDE 

CHARACTERISTICS UPSTREAM OFINDhNA STREET 

Area 

-mLcngth 

Balm Slope 

3 7 1 m 2  

57m 

0 027 WlI 

From EGBtG1993b 



TABLE 3 7-3 
FLOW VOLUMES AND RUNOFF COEFFICIENTS 

FOR OU6 GSlO AND GS03 

mow Vduma Runoff CMicient 
in MgrYlC'lontb (Mgam mi)  

Measurement Date MI0 GS03 GSlO Gso3 
Jul-9 1 5 30 3 42 15 13 0 92 
Aug-91 
Sep-9 1 

Feb-92 

Apr-92 

Oct-9 1 

Mar-92 

May-92 
Oct-92 
NOV-92 
Dw-92 
Apr-93 
JWI-93 
Jul-93 
Aug-93 

1 95 10 26 5 58 2 77 
1 85 9 87 5 28 2 67 
111 5 94 3 18 161 
5 36 2 52 15 31 0 68 
8 77 76 72 25 07 20 73 
2 71 19 50 7 75 5 27 
163 0 07 4 67 0 02 
0 36 3 78 1 03 102 
0 86 000 2 47 000 
0 81 12 31 2 32 3 33 
3 36 34 26 9 59 9 26 
164 6 0 9 .  4 68 165 
0 83 6 73 2 38 1 82 
0 70 10 00 200 2 70 

SUmS 37 25 201 47 106 43 54 45 

Explanatlon 
GS - gaugng muon 

sq xtu -squarenule 
M a -  xtulllon~ Of gallom 

Sheet 1 of 1 



TABLE 3 9-1 
WALNUT CREEK DRAmAGE BASIN CHARACTERISTICS' 

I 

Drrunage Basin Impervious I n i t d  InfiitraQon Basin Slope 
IHSS Designatton' Area (%) (-1 ( F W  
141 

142 1-4 

142 5-8 

142 9 

142 12 

143 

156 2 

165 

166 1 

166 2 

166 3 

167 1 

167 2-3 

216 1 

SWA3 
CSWAB 

WAll 

SWA3 

SWAl 

WAl 

CWAC 

SWA3 
WAll  
CWAB 

CSWAB 

CWAB 
CSWAB 

WA7 

WA13 

WA13 
WA6 

WA6 

WA7 

WAll 
SWA3 

- 

3 
78 

5 

3 

7 

1 

66 

3 
5 

- 50 
78 

50 
78 

6 

25 

25 
0 

0 

6 

5 
3 

2 00 
4 20 

1 3 0  

2 00 

f 00 

150 

4 30 

2 00 
1 3 0  
6 00 
4 20 

6 00 
4 20 

3 50 

4 00 

4 00 
1 50 

150 

3 50 

1 30 
2 00 

0 020 
0 024 

0 028 

0 020 

0 057 

0 015 

0 031 

0 020 
0 028 
0 032 
0 024 

0 032 
0 024 

01037 

0 032 

0 032 
0 039 

0 039 

0 037 

0 028 
0 020 

Notes 

IHSS - Individual Hazardous Substance Site 
lnn/Hr - inches per hour 
Ft/Ft - feet per foot 

' Source RFP Dramage and Flood Control Master Plan (EG&G 1992c) 
Refer to Figure 3 7-1 for the delineaoon of each drlunage b a n  

(4047 910 0025 521p7 T391X5117/95 2 14 p m n )  Sheet 1 of 1 



TABLE 3 9-2 
ou6 PONDS' 

IHSSs 142 1 THROUGH 142 9 

Pond Volume at 
OU6 100% Capacity Elevation at 100% Approximate Surface Area 
IHSS Pond (Mgi-4 Capacity (Feet) at 100% Capacity (Acres) 

1421 A-1 1 4  5829 1 (drop structure) 1 09 

142 2 A-2 6 0  58 16 9 (drop structure) 2 47 

142 3 A-3 12 37 5793 0 (spillway crest) 4 61 

1424 A-4 32 49 5757 9 (spillway crest) 8 68 

1425 B-1 114 5882 0 (spillway crest) 0 94 

142 7 B-3 0 57 5851 7 (spillway crest) 0 55 

142 6 B-2 1 50 5868 9 (drop structure) 0 98 

1428 B-4 0 18 5835 8 (spillway crest) 0 38 

142 9 B-5 24 65 5803 9 (spillway crest) 6 05 

Notes 
IHSS - Individual Hazardous Substance Site 
Mgal - millions o f  gallons 

Pond volumes, elevations and surface areas are from Detention Pond Capacity Study 
(Merrick 1992) 

1 

(4047 910 0025 521)(R7 092)(3/8S5 8 08 sm)(2) Sheet 1 of 1 
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3-4 SECTOR 4 0-1 SECTOR 1 
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2-3 SECTOR 3 

469 - POPULATION IN SPECIFIED SECTOR 
(138) - NUMBER OF HOUSEHOLDS LOCATED 

WlTHlN SPECIFIED SECTOR 
SECTOR - RADIUS REPRESENTlNG NUMBER OF 

MILES FROM THE CENTER OF RFETS 
SOURCE DOE 1990 b 

us  DEPARTMENT OF ENmy 
Rocky flab $w&ntynJaa- Sfh 

n. 

OPERABLE UNIT NO6 
PHASE I RFI/RI REPORT 

1989 POPULATION AND 
(HOUSEHOLOS) SECTOR 1-5 

FIGURE 3.2-1 
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CLAYEY SANDY GRAVELS- 
light brown to yellowish-orange grayish- 

to subrounded cobbles coarse grovels 
coarse sands and gravelly clays varying 
amounts of caliche 

ROCKY FLATS ALLUVIUM 
nMlmMf orange to dark gray poorly sorted angular - 

I- - - - - - - - - I  

CLAYSTONE SILTSTONES CLAYEY SANDSTONES 
SANDSTONE- 
light to medium olwe-gray with some dark 
olive-black claystone and silty claystone 
Weathered intervals may be yellowed and \ basal sand is often conglomeratic 

I 
0 
0 co 
v 

z 
0 

upper interval CLAYSTONES SILTSTONES AND COAL- 
300-500 kaolinitic light to medium gray claystone 

and siltstone and some dark 
carbonaceou$ claystone thin & ) coals 
and thin discontinuous very fine-to-medium 
grained moderately sorted sandstone 
intervals 

ray to black 

a 

w 
e 

lower interval SANDSTONES- 
300 light to medium gray fine-to coarse- 

grained poorly-to moderately-sorted silty 
immature quartzitic sandstone with 
numerous lenticular sub-bituminous coal 
beds and seams that range from 2 
thick in the upper lower interval to 8 
thick at the base of the lower interval - =::%!?;e to light gray calcareous 

FOX HILLS SANDSTONE fine-grained subrounded glauconitic 
feldspathic fnable sandstone 

U S  DEPARTMENT O f  ENEMY WPLWATlON 

PHASE I RFI/RI REPORT 
a -  
0 -sI"E 

FNE-oIuswEDk 

LOCAL STRATIGRAPHIC COLUMN Of  
THE OU6 AREA ROCKY FIATS I EHVIRONUENTAL ffC"Ot0GY Sm 

I 
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1000 

2000 
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2Jo 000 
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mo0O 
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EPOCH 
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z 
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0 
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0 
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Ieistocenc 

Pliocene 
or 

GLACIAL SEQUENCE 

Gonnett Peak Stade 4 
I 

lnterstade 

1 Temple Lake Stade 
~~ 

"Altithermol lntervaf 

Pinedale Glaciation 

z 
v, 

Bull Lake Glaciation 

Songomon lnterglaciation 

ILLINOWN 

Yarmouth In terglaciation 

Aftonian Interglaciation 

----- 
NEBRASKAN 

(Modified From Van Horn 1976 and Scott 19M) 

DEPOSIT 

t Post-Piney Creek Alluvium 

Piney Creek Alluvium 

(Sod) 
Pre-Piney Creek Alluvium 

Rocky Flats Alluvium I 
H s 

Pre-Rocky Flats Alluvium 1 (Located West of RFETS) 

Man -Made 
Deposi ts 
Colluvium 

Debns Fans 
Alluwal Fans 
Landslides 

Lake and Ponc 
Sediments 

UNCONSOUDATED SURFACE DEPOSITS IN 
THE ARU OF THE ROCKY FIATS 

E"YENTAL TECHNOLOOT Sm I 
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FIGURE 36-4 APRll 199s 
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FIGURE 36-5 APRU. 1995 
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EXPI ANATION 
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FIGURE 36-6 APRIL 1995 



I 

I 

Gtions UI Milliquivrlents 
pa Lller 

1= l@ 5 
t W K  ' 1 1 

Ca 
no 
Fr 

ta+K 
CO 

?I9 

h 

M+K 
Ca 
ng 
Pr 

b + r  
Ca 
?I5 

F t  

fb+l 

Ca 

ng 
PE 

NI*Y 

CP 

n3 

Pa 

( B203 189 

B203289 < 
B203489 \ 

B304 7 8 89 

B305389 < 
B405489 < 

Anions in Millicquivalcnts 

15 

per LItU 

> 
GROUNDWATER IN WJX"ERED CLAySroNE (WCS) 

I X P l  ANATION 

NO 5: SODIUM 
K = POTASSJUM 
Ca = CALCIUM 
Mg = MAGNESIUM 
Fe = IRON 
CI = CHLORIDE 
HCO, = BICARBONATE 
SO, = SULFATE 
CO, = CARBONATE 

I SOURCE DOE 1993e 

U S  DEPARTMENT OF ENERGY 
Rocky Flats Envlronmontal Technology Slto 

Golden, Colorado 

OPERABLE UNIT NO 6 
PHASE I RFI/RI REPORT 

STIFF DIAGRAMS FOR BACKGROUND 
MONITORING WELLS SCREENED IN 

WEATHERED CLAYSTONE 

FIGURE 36-7 APRIL 1995 



I 
Cations in Milhcquivalcnts 

per Lter 
'5 I t  5 

1 1 
?a+K ' 7 

Ca 
ns 
PE 

NarY 

Ca 
m 
Pe 

N+K 

Ca 
tlS 

Fe 

\ 
B203789 

-7 
B203889 

-7 
B203989 

c * '  

Ca 

n9 B204189 
FE 

U+K 

C2 

rn 
F€ 

B402 189 < 

> 
5 
> 

Cl 
H x  
sf)4 

C03 

Cl 
HcO3 
s% 

m I 
> c1 

We23 

S A  

CM 

I GROUNDWATER IN CRETACEOUS ARAPAHOE FORMATIO)IJ (UR) 

- 

EXPIANATION 

Nu = SODIUM 
K = POTASSIUM 
Ca = CALCIUM 
Mg  = MAGNESIUM 
Fe = IRON 
CI = CHLORIDE 
HCO, = BICARBONATE 
SO, = SULFATE 
CO, = CARBONATE 

SOURCE DOE 1993e 

U S  DEPARTMENT OF ENERGY 
Rocky flats Environmental Technology Site 

Golden. Colorado 

OPERABLE UNIT N O 6  
PHASE I RFI/RI REPORT 

STIFF DIAGRAMS FOR BACKGROUND 
MONITORING WELLS SCREENED IN 

CRETACEOUS ARAPAHOE FORMATION 
(PAGE 1 OF 2) 

FIGURE 36-8 APRIL 1995 

I 



Glionr m Mill~quivalenu Anions in Millicquivolenu 
per Ltcr per Later 

tb+K C1 

B304289 so3 
WCM Ca 

119 

FE C33 

GROUNDWAERIN CRETACEOUS W A H O E  FORMATION 

EXPl ANA TlON 

No = SODIUM 
K = POTASSIUM 
Ca = CALCIUM 
Mg = MAGNESIUM 
Fe = IRON 
CI = CHLORIDE 
HCO, = BICARBONATE 
SO, = SULFATE 
CO, = CARBONATE 

u s  DEPARTENT OF ENERGY 
Rocky Flats Environmental Technology Site 

Golden. Colorado 

OPERABLE UNIT NO6 
PHASE I RFI/RI REPORT 

STIFF DIAGRAMS FOR BACKGROUND 
MONITORING WELLS SCREENED IN 

CRETACEOUS ARAPAHOE FORMATION 
(PAGE 2 OF 2) 

I SOURCE DOE 1 9 9 s  I FIGURE 36-8 APRIL 1995 

Ou6m290 I =  



D 

D 

I 
n 

i 
D 
D 
I 

D 

D 
I 

I 
D 
D 

II 

R 

D 

II 

R 

D 

i 



d 

, 

1-w 

4 26 



/ 
I 
I 
I 
I 
I 
I 
I 
I 
f 
I 
I 

hod 

TYPICAL BUILDING ELEVATION 
NOT TO SCALE 

- I - - - - - - - - -  

/ 
/ 

n 

., * rD 

A rXPLA" 
SOIL SAMPLING WITH SHALLOW 

0 SOIL SAMPLING ONLY 

AND DEEP LYSIMETERS 

AB-1 BORING REFERENCE NUMBER 

CROSS SECTION LOCATION 

61 E D  

0 25 50 D - IHSS BOUNDARY 

SCALE IN FEET FROM DOE 1993h 

U S  DEPARTMENT OF ENERGY 
Rocky Flats Envtronmenkl Technology SIte 

Goldon, Colorado 

OPERABLE UNIT N O 6  
PHASE I RFI/RI REPORT 

BUILDING 995 SLUDGE 
DRYING BEDS LOCATION MAP 

FIGURE 3 9-1 A p m  1-5 



-*A 

* e*- 

&& - & - - >  4 &As- & & -  



0 w L 

1 ' 1  

4 

t 
t2 

I 

t 



x x  X 

X 

X 

x x  

x x x x x x x  

X x x x x  

x x x x x x x  

X x x  

x 7 e k - 9  - 
3 3  

x w  
3 3  

X 

X 

X 

x x  

x x  

x x  x x 

x x  5 x 

x % % x x x x x ~ x x x  3 3  x x  5 x 

x x x x x  X X X K X X X K X X X X  

x x x x x  

x x  x x x  X X X X 

x x x x x x x  x x  x X 

x x  x x  X x x  x x x  x x x x  

N 
U 
I 

t 

N 
rD VI 

!!? Ifl 
c c 

x 5 w 
m 
t - 



x x  

x x  

$ 5  
x x  

X 

X 

X 

5 

5 

s 

3 

3 

3 

% 
3 

% 
3 

X 

s 
3 

X 

X 

x 

X 

X 

X 

5 

5 

% 

3 

3 

3 

5 
3 

X 

X 

% 
3 

X 

X 

X 

N 
ccr 
0 
N 

c 



Q w 
135 
Q 

- 
< 

c 

C 

P / 

I r, 

i \ 

0 
fx e 
W 
I- 
v> 
- 

>-I 
UI 
0, 

0 1  
E' I 

I 



hl 
I 
4 

I- 

% 
P4 

CIC 
L 

& a! 

m 
M 
I 



8 
I 
c 

D 

r. 

I 

1 

% 

c 
, # &  
f 

I 

1. 

i 

il,s 
I' 

I 
P I i 

I 

# 

I 

- 'c 

i 
.h \ 

I '  

i 

f 

, 

!! i 

i'; 
1 ;  t L t 

1 P 

([z jo 13 c-c t 3anw 33s) 
3 N I1 H31 V W 



I 



I- 

r- 

' i  
i 

I 

1 

- - ,  

! 

1 

\ :  I 
! 1 1  

t 

I 
- 

3 +  \ I 

\ ' I  ' 

2 
9: 

c 





I 





k- 
z 
0 
i= a 

3 e 
X w 

z s 
6 
3 
j 

\ 
'$ 

', i 
, 

! 

\ 

I 

1 P 



i 
I 
i 
i 
i 
I 
I 

I 
i 
I 

I i 
I 

\ 

1 
I 

I 

L- 

O 

i 
f' 
i 
I 
i 

I 

i 
I I 

1 
i 
i 

i 
I 
I 

I 
i 

i 
L 

! 
j 

i 
r 

I 

v 
7 

- 

0 

c 
- 

O i f  I 

\ 
\ 

i ', 
\ 

i 

\ 
\ 
\ 
\ 



\ 

'\ \ 

I I -  

- 
I .i. - 

\ 

- 
\ DC!(lL80' 3 

I 



* D 















































































n 

0 
0 
b, 

II 
C 
F 

a s -  

w 
0 

s z  
n 
a 



a, 

Wl 
+ *- I- 

W 
W 
t 

0 

II 

7 

L 
3 
0 
W 
Z 

W P cn Z 
n P z v, Q 
v) 6 

W 
L3L 

w 6  

0 
Z I 

I- 
W Z  
k W  0 0  
w n  

*o Z 
0 

L 

n 
Z 
Q 

W 
z 
1 + 
3 
0 

D 
Z 
Q 

Z 
2 
L W 

LT c 

LT 
W 

-- J 
W LL 

W E  
I 
m- 

I- 
Z 
W 
0 
W 
k cn 

I I  

c 
W 
m 'a 

3 
W 

I 

0 4  
ZI- 

4 w w  W 

I- 
W 
W 
LL 

0 
hl 

I 
Kb' 

I I  

W 
I- z 



a, 

rn 
+ .- 

L 

Y 
a, 

P 
-0 c 
3 

P u 

6 
W 
w 

06 

2 

" w  
n 
m 

11 
n 

W 

w 
3 
I- 

IT 
0 

1 

4 
0 
LL 
I- 
[II 
6 

I 

1 

LL 
-I 

\c 

0 

W 
0 
Z 
Q 
I- 
cn 
3 
cn 
v, 
3 
0 

w 
6 
N 
Q 
I 

m 

n 

2 
3 
0 1 
z 
0 

W 

1 
I- 
3 
0 

z 
LC 

'0 

x 
L 

3 
0 
m3 > 

IT 
Q 

Z 
3 
0 

m 
cn 

n 

m 

I 

Q 
!,! a m n 

Q 
0 
IT v, 

a 
W 
W 
v, 

W 
t- 
4 
I 
L 

'0 ,c 
0 
a 

n 

70 

a, 

a 

a 
W PL 

, 

i 
! 



c 
c 

W 
m 

I- 
W 
W 
LL 

0 
c-4 

N 

0: 
t 

a 

v, 
+ *- 

W E  
r; 

q *-m L 
>- L - 0  

r 
Y 
0 
0 w 

-0 


